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DISSERTATIOX 


ON 


TI-IE ORIGIN OF E'TIL. 


THE question which has Dlore than any other 
harassed n1etal)hysical reasoners" but especially 
theologians, and upon which it is probable that 
no yery satisfactory conclusion will eyer be reached 
by the hunlan faculties in our present state, is the 
Oriain and Sufferance of Evil. It.s existence beino- 
o 0 
always assumed, philosophers have fornleù various 
theories for explaining it" but they have also drawn 
yery different inferences . from it. The ancient 
Epicureans argued against the existence of the 
Deity, because they held that the t'xistence of E,-il 
either proved hinl to be lin1Íted in power or of a 
nlalignant nature; either of which imperfections is 
inconsistent with the first notions of a dirine beinO'. 
o 
In this kind of reasoninO' thev have been fol1o\yed 
o 01 
YOLo n. B . 
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both by the atheists . and the sceptics of later 
times. \Vith both sects this is a favourite topic, the 
one drawing frOlTI it a conclusion against the exist- 
.. 
ence of any thin g like \vhat religious IneH call a 
superintending providence, the other using the topic 
as a fruitful source of doubts, and as helping then1 
to invoh-e the whole question in those clouùs which 
are the proper elenlent of their speculations. It is to 
be observed" howe,-er" that the sceptics 11lake D10re 
use of the argulIlent from eyil than the dogn1atical 
at heists; for as long as design is proved to exist in 
the universe" the malignity of the overruling prin- 
ciple" ho\v painful soeyer to our contenlplation, 
\yould, though fully adn1Ïtted, offer no proof 
against that derived from the positÍ\Te evidences of 
its existence. To the sceptic the consideration of 
evil has been supposed Dlore fayourable" although 
without much foundation; as it ne,-er can thro\v 
any doubt upon the gl Llnd fundanlental truth of 
natural religion, although it certainly Inay unsettle 
111en's rninds as to son Ie of the other doctrines, and 
create some hesitation as to beliering in the attri- 
butes, when it has failed to surround the existence of 
a Deity with any obscurity. That the great prac- 
tical scC'ptic of all, Baylt'-he who carried into eyery 



THE ORIGI
 OF EVIL. 


3 


branch of inquiry the power on \\ hich he DI0St 
valued himself, ofinvol\"ing all subjects in doubt*- 
regarded the subject of evil as one of the great 
arsenals from whence his weapons were to be 1110st 
chiefly dra"-n is undeniable. None of the articles in 
his famous Dictionary are more laboured than those 
. in which he treats of this subject. 
Ianicltean, and 
st.ill more Paulician, almost assunle the appearance 
of formal treatises upon the question; and both 
JIarcionite and ZOl'oaster treat of the sanle subject. 
All these articles are of considerable value; they 
contain the greater part of the learning upon the 
question; and they are distinguished by the acute- 
ness of reasoning ,,,hich ,vas the other characteristic 
of their celebrated author. 
Those ancient philosophers who did not agree 
with Epicurus in arguing fronl the existence of eril 
against the existence of a providence that superin- 
tended and influenced the destinies of the world 
, 
were put to no little difficulty in accounting for the 
fact which they did not deny., and yet lTIaintailling 
the power of a di,-ine ruler. rfhe doctrine of a 
double principle, or of two divine beings of opposite 


* The epithet of "cloud-compelling," 'JI..q;EÀ"-')I
eE'1'" Zsvs, was 
the one he chiefly valued. 


B2 
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natures, one beneficent, the other n1Ïschievous, was 
t he solution which one class of reasoners deemed 
satisfactory, and to which they held thenlseh.es 
. 
driven by the phenonlena of the unIverse. 
Others, unable to ùeny the existence of things which 
men denominate 
yil.: both physical and moral, 
eXplained thenl in a different way. They main- 
tained that physical evil only obtains the nanle 
from our own inlperfect and yicious or feeble dis- 
positions; that to a wise man there is no such 
thing; that ,ye 111ay rise superior to all such groyel- 
ling notions as make us dread or repine at any 
e,rents which can befall the body; that pain, sick- 
ne
s, loss of fortune or of reputation, exile" death it- 
self, are only accounted ills by a ,\'eak and pampered 
n1Índ; that if we find the world tiresome, or woe- 
ful, or displeasing, we may at 
any moment quit it ; 
and that therefore we ha,-e no right whatever to 
call any suffering connect0d with existence on earth 
an evil, bccause ahnost all sufferings can be borne 
by a patient and firm 111ind; since if the situation we 
are placed in beCOllleS either intolerable, or upon the 
,,,hole more l)ainful than agreeable, it is our own 
fault that we re111ain in it. But these philosophers 
further took a yiew of the question which eSl1ecially , 
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appliet! to nloral eyil. They considered that no- 
thi ng could be more groundless than to suppose 
that if there were no eyil there could be any good 
in the worl<!; and they illustrated this position by 
asking how we could know anything of ten1perance" 
fortituùe, or justice, unless there were such things 
as excess, cowardice, and injustice. 
These were the doctrines of the Stoics, from 
whose subliule and inlpracticable philosophy they 
seemed natural1y enough to flow. Aulus 
GeUius relates that the last-nlentioned argnnIcnt 
was expounded by Chrysippus, in his work upon 
Providt"'nce. * The answer gh-en by Plutarch 
srelns quite sufficient: "As well nlight you say 
that Achilles could not ha\-c a fine head of hair 
unless Thersites had been bald; or that one mau.s 
linlbs could. not be all sound if another had not the 
gout." In truth, the Stoical doctrine proceeds upon 
the assumption that all drtue is only the negati\
e 
of vice; and is as absurd, if indeed it be not the 
very sanle absurdity, as the doctrine which should 
deny the existence of aflinnati\-e or posit ire 1 ruths, 
resoh-ing then1 all into the opposites of negatiye 
propositions. Indeed, if we eyen were to achllit 


III AuI. Gel. lih. vi. cap. 1. 
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this as an abstract position, the actual existence of 
evil ,yould still be unnecessary to the idea" and still 
n10re to the existence, of good. 
"'or the conception 
of e\-il, the bare idea of its possibility, ,yould be 
quite sufficient" and there ,yould be no occasion for 
a single example of it. 
The otller doctrine" that of two opposite princi- 
l)les, ,vas en1braced by ll10st of the other sects, as it 
should seem" at sonle period or other of their in- 
quiries. Plato hin1self, in his later works, was clear1 y 
a supporter of the system; for he held that there 
\yere at least two principles, a good and an evil; 
to which he added a third, the nloderator or me- 
diator between thenl. "Thether this doctrine ,vas, 
like Inany others, i111portecl into Greece fro111 the 
East, or ,vas the natural growth of the schools" ,ve 
cannot ascertain. Certain it is that the Greeks 
themselves belieyed it to have been taught by 
Zoroaster in Asia" at the least fi ,-e centuries before 
the Trojan war; so that it had an existence there 
long before the name of philosophy was known in the 
,,-estern ,,-orld. Zoroaster's doctrine agreed in every 
respect with Plato's; for beside Oronlazes, the good, 
and _t\rirnanius, * the eril principle, he taught that 


'" Called in the East Ormusd, and Ahriman. 
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there was a third, or mediatory one, called 
1ithras. 
That it never becanle any part of the popular belief 
in Greece or Italy is quite clear. .All the po]y- 
theislll of t hose countries recognised each of the gods 
as authors alike of good and evil. 
 or did eyen 
t,he chief of the divinities, under whose power the rest 
were placed, offer any exception to the general rule; 
for Jupiter not only gave good from one urn and ill 
frol}} another, but he was also, according to the 
barbarous nlythology of classical antiquity, himself 
a 11lodel at once of hUlllan perfections, and of human 


'-ICes. 
After the purer light of the Christian religion 
had made some way towards su pplanting the ancient 
po]ythei:;ll1, the doctrine of two principles was 
broached; first. by l\larcion, who lived in the tinle 
of Adrian and Antoninus Pius, early in the second 
century; and next by 
Ianes, a hundred years 
later. He was a Persian slave, who was brouO'ht 
o 
into Greece, where he taught. this doctrine, since 
known by his name, haying learnt it, as is saiù, 
frOBl Scythianus, an Arabian. The Manichean doc- 
trines, afterwards called also Paulician, from a great 
teacher of thenl in the seventh century, were, like 
alnlost aU the heresies in the primitive church, 
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SGon 111ixed Up with gross impurities of sacred rites 
as ,veJI as extrayagant absurdities of creed. 'rhe 
l\Ianicheans were, probably as much on this account 
as fl'Oll1 the spirit of religious intolerance" early 
the objects of se\gere persecution; and the Coùe of 
Justinian itself denounces capital punishnlent against 
any of the sect, if found within the ROllIan donli- 


nlons. 


It nlust be confessed that the theory of two prin- 
ciples, when kept free frol11 the absurùities and 
iUIpurities which were introduced into the 1\1 anichean 
doctrine, is not. unnaturally adopteù by men who 
ha\ge no aid frolll the light of re\"eIation, and who 
are confounded by the alJ11earance of a world where 
evil and good are 11lixed together" or seem to 
struO'O"le with one another" sometimes the one I Jre- 

o 
\"ailing, and sOllletimes the other; and accordingly 
in all countries, in the most barbarous nations, as 
well as all10ng the most refined, we find plain traces 
of reflecting men having been drÏ\Ten to this solution 
of the difficulty. It seems upon a superficial vie\v 
to be very easily deducible from the phenolnena; 
and as the idea of infinite power, with which it is 
11lanifestly incom:;istent, does by no l11eans so natu- 
rally IJresent itsclf to the n1Índ, as long as only a 
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very great degree of power, a po\ver which in conl- 
parison of aU human force may be termed infinite, 
is the attribute with which the Deity is belic\'ed 
to be endued, the 1\laniC'hean hypothesis is by no 
ll1eans so easily refuted. '"That the power of the Deity 
was supposed to have limits even in the systeills of 
the nlost enlightened heathens is unquestionable. 
They, generally speaking, believed in the eternity of 
luatter, and concei\"ed sonle of its qualities to be 
o 
essentially necessary to its existence that no ùi\"ine 
agency could alter then1. They ascribed to the Deity 
a plastic power, a power not of creating or annihi- 
lating, but only of moulding, disposing" and Dloving 
matter. So orer mind they generally ga\'e him 
the like power, considering it as a kind of elnanatÌon 
fronl his own greater mind or essence, and destined 
to be reunited with hinl hereafter. Nay" o,-er all the 
gods, and of sUIJerior potency to any, they concei,'ed 
Fate to preside; an overruling and paranlount ne- 
cessity, of which they fanned sonle dark concep- 
tions, and to which the chief of aU the gods ,,-as 
supposed to submit. It is, indeed, extrenlely diffi- 
('ult to state preciseJy what the philosophic theory 
of theology was in Greece and RODle" because the 
B 3 
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wide difference behveen the esoteric and e-xoteric 
doctrines, between the be]ief of the learned few and 
the }10pular superstition, nlakes it very difficult to 
a,-oid confounding tbe two, anrllcnding to the fornler 
some of the grosser errors with ,vhich the latter 
abounded. N everthelcss \ve may rely upon what 
has been just stated, as conveying, general1y speak- 
ing, the opinion of philosophers, alt hough sonlP sects 
certainly had a still more scanty nleasure of belief. 
But we shall presently find that in the speculations 
of the llluch nlore enliahtened moderns, Christians of 
o 
course, errors of a like kind are to be traced. They 
constantly argue the great question of evil upon a 
latent assumption, that the po\yer of the Deity is 
restricted by some powers or qualities inherent in 
lllat tel'; notions analogous to that of fate are oc- 
casionall y perceptible; not stated or expanded 
indeed into propositions" but influencing the course 
of the reasoning; while the belief of infinite attri- 
butes is never kept stea lily in view, except wh
n it 
is called in as requisite to refute the Manichean doc- 
trine. Some observers of the controversy have in- 
deed not scrupled to affirnl that those of whom we 
speak are reaHy l\ianicheans without knowing it; 
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and build their systenls upon assunlptions sfcretly 
borrowed fro:n the disciples of Zoroaster, without 
ever stating those assunlptions openly in the fOrlu of 
postu]a
es or definitions. 
The refutation of the l\Ianichean hypothesis is 
extrenlely easy if we be pern1Ítted to assume that 
both the principles which it supposes are either of 
infinite power or of equal power. If they are of 
infi nite power the supposition of their co-existence 
in,.oh-es a contradiction in terms; for the one being 
in opposition to the other, the po,yer of each must 
be something taken from that of the other; conse- 
quently neither can be of infinite power. If, again, 
,ve only suppose both to be of equal power, and 
always acting against each other, there could be 
nothing whatever done, neither good nor evil; the 
universe would be at a stand still; or rather no act 
of creation could. ever have been performed, and no 
existence could be concei,-ed beyonù that of the 
two antagonist principles. .r\rchbishop TilJotson's 
argument, properly speaking, aIllounts to this last 
propositiol1" and is applicable to equal and opposite 
principles, although he applies it to two beings, both 
infinitcly powerful and counteracting one another. 
'Yhen he says that they would tie up each ether's 
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hands, he Dlight apply this argument to such anta- 
gonist principles if only equal, although not infinitely 
powerful. The hypothesis of their being both infi- 
nitely powcrfull1eeds no such refutation; it is a con- 
. 
tracliction in tcrnlS. * But it n1ust be recollected that 
the ad\yocates of the Manichean doctrine endea- 
vour to guard thenlscl ves against this attack by 
contending, that the conflict between the two prin- 
ciples ends in a kind of compronlise" so that neither 
has it. aU his own way; there is a nlixture of evil 
adnliUeù by the good principle, because else the 
,,-hole would be at a stand still; "hile there is nluch 
good adll1itted by the evil princil)le, else nothing, 
either gooù or evil, \yould be done. Another an- 
swer is therefore required to this theory than what 
Tillotson, and his followers, have gi,,-en. 
First, we 11lUst obser\ye that this reasoning of the 

Ianicheall
 is " after the nlanner of men." It 
proceeds upon the analogy of what we see in lllortal 
contentions; where neit.1.er party haring the po\yer 
to defeat the other, each is content to yield a little 
to his ad\
ersary, and so, by 111utual concession, both 
are successful to SOl1le extent, and both to SOlTIe 
extent disappointed. But in a speculation con- 


* See Tillotson.s SèrmOl1S, vol. ii. p. 690, Col_. 
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ceruing the nature of the Deity, there seen1S no place 
for such notions. 
Secondly, the equality of power is not an arbi- 
trary assumption; it seems to follow from the exist- 
ence. of the two opposing principlcs. For if they 
are independent of one another as to existence, 
which they 111ust needs be else one would inln1e- 
diate1y destroy the other, so ll1ust they also, in each 
particular instance, be independent of each other, 
and also equal each to the other, else one ,vould 
haye the mastery, and the influence of the other 
could not be perceived. To say that in son1e things 
the good principle prevails and in others the cyil, 
is really saying nothing nlore than that good exis
s 
here and c\-il there. It ùoes not further the at'gn- 
nlent one step, nor giyc anything like an explana- 
tion. For it lTIUst always he borne in nlind that 
the whole question respecting the Origin of Eyil 
proceeds upon the assun1ption of a wi:3C', benerolent" 
and powerful Being having created the worlù. The 
difficulty, and the only difficulty, is, how to recon- 
cile existing evil with such a Being's attribute3; and 
if the l\lanichean only explains this by saying the 
good Being did what is good, and another and e,"il 
Being did what is bad in the universe, he really tells 
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us nothing nlüre than the fact; he Joes not apply 
his explanation to the difficulty; and he supposes 
th(\ existence of a second Deity gratuitously and to 
no kind of purpose. 
.. 
But, thirdly, in \vhatever light we view the hypo- 
thesis, it seems exposed to a similar objec
ion, 
nalTIcly" of explaining nothing in its application, 
while it is wholly gratuitous in itself. It assumes" of 
course, that creation was the act of the good D
ing; 
and it also assun1es that Being's goodness to ha\-e 
lJeen perfect" though his powe
 is lilnited. Then as 
he nlust have known the existence of the e,"il prin- 
ciple and foreseen the certainty of misery being occa- 
sioned by his existence, \,\Thy did he ,-oluntarily create 
sentient beings to put theln" in some respects at 
least" under the evil one's power, anù thus be exposed 
to suffering? The good Being, according to this 
theory, is the relnote cause of the evil which is 
endured" because but for his act of creation -the evil 
Being could ha,-e had nù subjects whereon to work 
mischief; so that the hypothesis wholly fails in 
ren10\-ing, by more than one step, the difficulty which 
it was invented to solve. 
Fourthl y , there is no ad'Tantaae aained. to the 
o 0 
argument by supposing two Being'S, rather than one 
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Beincr of a mixed nature. The facts lead to this 

 
supposition just as naturally as to the hypothesis 
of two principles. The existence of the evil Being 
is as Dluch a detraction fro In the power of the good 
one, as if we only at. once suppose the latter to be 
of limited IJower" and that he prefers nlaking and 
supporting creatures who suffer much less than they 
enjoy, to nlaking no creatures at all. The supposi- 
tion that he made them as happy as he could" anù 
that not being able to make them Jess miserable, he 
yet percei,'ed that 'upon the whole their existence 
would occasion more happiness than if they never 
had any being at aU, will just account for the phe- 
nomena as well as the l\lanichean theory, and will 
as little as that theory aSSU111e any malevolence in 
the power which created and preserveù the universe. 
If" howerer, it be objected that this hypothesis leaves 
unexplained the fetters upon the good Being's power" 
the answer is obvious; it leaves those fetters not at 
all less eXplaineJ than the 
Ianichean theory does; 
for that theory gi\-es no explanation of the existence 
of a counteracting pril1cilJle" and it assumes both an 
antagonist power to lin1Ït the Deity's power" and a 
malerolent principle to set the antagonist power ill 
Dlotion; whereas our supposition assumes no nlale- 
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volence at an, but only a restraint upon t.he divine 
power. 
Fifthly, this leads us to another and nlost for- 
midable objection. lo conceive the eternal exist- 
ence of one Being infinite in Fower, self-created and 
creating all others, is by no l11eans Ï1llpossiúle. 
Indeed, as ererything nlust ha,'e had a cause" 
nothing we see being by 110ssibility self-created" 
\ve naturally mount froB1 I>articulars to generals,. 
until fiuallv we rise to the idea of a first cause, 
01 


uncreated, and s<?lf-existing, and eternal. If the 
phenon1ena compel us to affix lill1its to his good- 
ness, we find it inlpossible to conceive lin1its to the 
l)ower of a creati,'e, etprnal, self-existing principle. 
But e,'en supposing we could forn1 the conception 
of such a Bl'ing ha\-ing his power limited as well as 
his gooduess, st ill we can conceive no second Being 
independent of him. This would necessarily lead 
to the supposition of sonle third Being, above and 
antecedent to bot h, and the creator of both.- the 
real first cause-and then the whole question 'fould 
be to sol \'e o,-er again, 7f
9ElI TO XaK01/ ;- 'Vhy these 
two antagonist Beings were suffered to exist by the 
gr{.Jat Being of all ? 
The l\Ianichean doctrine" then" is eX!Joscd to eyery 
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objection to which a theory can be obnoxious. It 
is gratuitous; it is inapplicable to the facts; it sup- 
poses more causes than are necessary; it fail
 to 
explain the phenolllena" leaving the difficulties 
exactly where it founù them. N e\-ertheles5 such is 
the theory, how easily soever refuted when openly 
avowed and eXI)licitly stated" which in yarious dis- 
guises appears to pervaùe the explanations gin
n of 
the facts by ll10st of the other systems; nay, to form, 
secretly añd unacknowledged" their principal ground- 
work. For it really nlakes very little difference in 
the ll1atter whet her we are to account for evil by 
holding that the Deity has created as much happi- 
ness as was consistent with" the nature of things," 
and has taken e\-ery nleans of avoiding all evil except 
"where it necessarily existed;" or at once gi,-e 
those linliting influences a separate and indepenùent 
existence" and call thenl by a nanIe of their own, 
which is the l\lanichean hypothesis. 
The most reuIarkable argun1ent on this subject,1 
and the nIost distinguished both for its clear and 
wen ordered statement, anù for the systeu1atic shape 
which it assumes, is that of Archbishop King. It 
is the great text-book of those who study this subject; 
and. like the famous leaal work of Littleton it has 
þ 
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found an expounder yet abler and n10re learned than 
the author hiulself. Bishop Law's commentary is 
full of information, of reasoning, and of explication; 
nor can we easily. find anything valuable upon the 
subject which is not contained in the volumes of 
that work. It will" ho\vever, only require a slight 
exan1ination of the doctrines maintained by these 
learned and pious men" to satisfy us that they all 
along either assume the thing to be proved" or 
proceed upon suppositions quite inconsistent with 
the infinite power of the Deity-the only position 
,,-hich raises a question, and which makes the diffi- 
culty that requires to be solved. 
According to all the systems as well as this one, 
evil is of two kinds-physical and n10ral. To the 
former class belong all the sufferings to which sen- 
tient beings are exposeù from the qualities and 
affections of matter independent of their own acts; 
the latter class consists of the sufferings of whatever 
kin<l ,vhich arise from their own conduct. This 
di'9ision of the subject, however, is liable to one 
serious objection; it con1prehends under the second 
head a class of evils which ought more properJy to 
be rancred under the first. N or is this a n1ere 
o 
question of classification: it affects the whole scope 
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of the argun1ent. The second of the above-men- 
tiùned classes comprehends both the physical evils 
which hunlan agency causes, but which it \vould 
have no power to cause unless the qualities of 
Dlatter were such as to produce pain, privation" and 
death; and also the moral evil of guilt which may 
I)ossibly exist independent of material agency, but 
which, whether dppendent or not upon that physical 
action" is quite separable from it" residing wholly 
in the mind. Thus a person who destroys the life 
of another produces physical evil by means of the 
constitution of 111atter, and 1110ral evil is the source 
of his wicked action. The tt'ue arrangement 
then is this :-Physical eyil is tbat which depends 
on the constitution of matter, or only is so far 
connected with the constitution of mind as that the 
nature and existence of a sentient being must be 
assull1ed in order to its mischief being fe1t. And 
this physical evil is of two kinds; that which 
originates in human action, and that which is 
independent of human action, befalling us from 
the unalterable course of nature. Of the former 
class are the pains, privations, and destruction 
inflicted by n1en upon one another; of the latter 
class are di
eases, old aae, and death. l\loral evil 
o 
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consisfs 111 the crinles, whether of commission or 
omission" which men are guilty of-including unùer 
the latter head those sufferings which "-e endure 
from ill-regulatpd luinds through ,vant of fortitude 
or self-control. It is clear that as far as the ques- 
tion of the origin of e,-il is concerned, the first of 
these two classes, physical evil, depends upon the 
IJroperties of matter" and the last upon those of 
nlind. The second as wen as the first subdivision 
of the physical class depends upon matter; because 
however ill-disposed the agent's n1ind nlay he" he 
could inflict the n1ischief on1 y in consequence oi 
the constitution of 111atter. Therefore, the Bèing 
who created nlatter enabled hinl to perpetrate the 
evil" e\-en adn1itting that this Being did not by 
creating the mind also give rise to the evil dis.. 
position; and adn1Ïtting that, as far as regards this 
disposition, it has the san1e origin with the e\-il of 
the second class, or nloral eyil" the acts of a rational 
agen t. 
It is quite true that Inany reasoners refuse to 
allow any distinction between the evil llrocluccd by 
natural causes and the evil caused by rational 
agents" whether as regards their own guilt, or the 
Inischief it causes to others. Those reasoners 
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deny that the creation of nlan's win and the endow- 
ing it wit.h liberty explains anything; they hold 
that the creation of a Dlincl whose will is to do evil" 
anlounts to the sanle thing, and belongs to the 
satne c1ass, with the creation of matter whose nature 
is to gi,-e pain and misery. But this position, which 
in,'olres the doctrine of X ecessity" nlust" at the ycry 
least, adn1Ít of one modification. \Yhere no human 
agency whatever is interposed, and the calanlity 
conIes without anyone being to blan1e for it, the 
Dlischief seenlS a step, and a large step, nearer the 
creative or the superintending cause" because it is, 
as far as lllell go, altogether inevitable. The main 
tenùency of the argunlent therefore is confined to 
l)hysical evil; and this has always been found the 
nlost difficult to account for" that is to reconcile 
with the governnIent of a perfectly good and power- 
ful Being. It would indeed be very easily eXplained 
and the reconcilenl
nt would be readily maùe" if 
we were at libert.y to suppose lllattcr independent 
in its existence, and in certain qualities, of the 
dirine control; but this would be to suppose the 
Deity's IJower linlited and in1perfect. which is just 
one horn of the Epicurean dilenlma, " Aut vult et 
non potest ;" and in assun1Îng t his, we do not so n1uch 
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beg the question as wholly give it up and admit we 
cannot soh.e the difficulty. }... et obvious as this is" 
we shall presently see that the reasoners who have 
undertaken the solution" and especially I(ing and 
Law, under such phrases as " the nature of things,,' 
and u the laws of the material universe," have 
been constantly, through the whole argument, 
guilty of this petitio ]J1'incij}ii, or rather this aban- 
donment of the whole question, and never more ::;0 
than at the very n101nent when they cOl1lplacently 
plulned then1seh-es upon having overcome the dif- 
ficulty. 
Having pren1ised these observations for the pur- 
pose of clearing the ground and ayoiding con- 
fusion in the argument, we may no,v consider what 
A rchbishop King's theory is in both its parts; for 
there are in truth two distinct explanations" the one 
resembling an argument Ù priori, the other an 
argument Ù posteriori. It is" howe\'er, not a little 
remarkable that Bishop Law, in the adnIirable ab- 
stract or analysis which he giycs of the archbishop's 
treatise at the end of his preface, begins ,vith the 
second branch" on1itting all n1ention of the first as if 
he considered it to be merely introductory lnatter; 
and yet his fourteenth note (t. cap. 1. s. 
3.) shows 
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that he was aware of its being an argulnent wholly 
inJependent of the rest of the reasoning; for he there 
says that the author .had giren one demonstration 
à prim"i" and that no difficulties raised by an exami- 
nation of the phenomena" no objection à poste1"ion'
 
ought to overrule it, unless these difficulties are equally 
certain and clear with the Jeluonstration, and admit 
of no solution consistent with that ùemonstration. 
The necessity of a first cause being shown, and 
it being evident that therefore this cause is uncreated 
and self-existent, and independent of any other, the 
conclusion is next drawn that its power must be 
infinite. This is shown by the consideration that 
t here is no other antecedent cause, and no other 
principle which was not created by the first cause, and 
consequently \"hich was not ofinfel'ior po\yer; there- 
fore there is nothing which can linlit the power of 
the first cause; and there being no lin1Ïter or re- 
strainer, there can be no lÜnitation or restriction. 


gain, the infinity of the Deity's power i
 at- 
tempted to be pro,-ed in another way. The nunlber 
of possible things is infinite; but every possibility 
inlplies a power to do the !J03sible thing; and as 
one possible thing inlplies a power to do it, an in- 
finite nUlllLer of possible things ÏInplies an infinite 
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power. Or as Descartes and his followers put it, 
,,'e can ha'
e no idea of anything that ha
 not 
either an actual or a possible existence; but ".e 
l1are an idea of. Being of infinite perfection; there- 
fore he must actually exist; for otherwise there 
,,"ould be one perfection \\9anting, and so he "TOU Id 
not be infinit
" which he either is actually or pos- 
sibly. It is needless to renlark that this whole 
argunlent, whate,.er may be said of the former one, 
is L1 pure fallacy, and a petitio JyrinclJnï through- 
out. The Cartesian fortn of it is the 1110St gla- 
ringly faHacious, and indeed exposes itself; for by 
that reasoning \ve might l)rove the existence of a 
fiery dragon or any other phantom of the brain. 
But even I(ing's 1110re concealed sophislTI is equally 
absurd. \Vhat ground is there for saying that the 
. number of })ossible things is infinite? he adds, 
" at least in power," which means either nothing or 
only that ".e have the power of concrÍ\-ing an in- 
finite nnnlher of pos
ibilities. But because \ye can 
concei,"e or fancy an infinity of possibilities, does it 
follow that there actual1y exists this infinity? The 
,,-hole argument. is ullworthy of a mOlnent's con- 
siùeration. The other is 1110re plausible, that 
restriction in]plies a restraining power. But e,.en 
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this is not satisfactory when closely exalnined. For 
although the first cause nlust be self-existent and 
of eternal duration, we only are driven by the ne- 
cessity-of supposing acause whf>reon aU the argument 
rests, to suppose one capable of causing aU that ac- 
tuall y exists; and therefore to extend this inference 
and suppose that the cause is of infinite power seems 
gratuitous. 1\ or is it necessary to suppose another 
})o"'er limiting its efficacy, if we do not find it 
necessary to suppose its own constitution and 
essence such as we ternI infinitely powerful. IIow- 
ever, after noticing this manifest defect in the 
fundamental part of the arguulent, that which infers 
infinite })owe1'" let us for the present assunle the 
}
osition to he pro,-cd, either by these or by any 
other reasons, and see if the structure raised upon 
it, is such as can stand the test of examination. 
Thus, then, an infinitely powerful being exists, 
and he was the creator of the unirerse; but to 
incline him towards the creation there could be no 
})ossible n10tive of happiness to hinlself, and he 
111ust, says King, have either sought his own hal)- 
piness or that of the universe which he Inade. 
Therefore his own design nlust have been the con1- 
Inunication of happiness to the creature. lIe coultl 
YOLo II. C 



26 


THE ORIGIN OF EVIL. 


only desire to exercise his attributes without, 01" 
externally to himself, which before creating other 
beings he could not. do. But this could only gratify 
his nature, which ,vallts nothing, being perfect in 
itself, by COll1111unicating his goodness and providing 
for the happiness of other sentient beings created by 
him for this purpose. Therefore, says King, "it 
manifestly follows that the world is as ,veIl as it 
could be made by infinite pow'er and goodness; for 
since the exercise of the divine power and the com- 
lllunication of his goodness are the ends for which 
the \vorld is formed, thel
e is no doubt but God has 
attained these ends." And again, " If then any 
thing inconvenient or incolnnlodious be no\v, or ,vas 
from the beginning in it" that certainly could not 
l:e hindered or renloved even by infinite power" 
wisdonl" and goodness." 
Now certainly no one can deny, that if God be 
infinitely powerful alld also infinitely good, it 111Ust 
follo,v that whatever looks like evil" eit.her is not 
really evil" or that it is such as infinite power could 
not avoid. This is ilnplied in the very tern1S of the 
hYI)othesis. It may also be adn1Ïtted that if the 
Deity's only object in his dispensation be the hap- 
riness of his creatures" the satne conclusion follows 
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even without assuming his nature to be infinitely 
good; for we admit what" tor the PU11)ose of the 
argunlent, is the same thing" nanlely, that there 
entered no evil into his design in creating or nlain- 
taining the universe. But all this really assumes 
the very thing to be proyed. King gets over the 
difficulty and reaches his conclusion by saying, " The 
Deity could have only one of two object.s-his own 
happiness or that of his creatures." The sceptic 
makes answer" "He might have another object, 
nanH
ly, the misery of his creatures ;"-and then the 
whole question is, whether or not he had this other 
object; or" ,,,hich is the same thing, whether or not 
his nature is perfectly good. I t must never be 
forgotten, that unless eyil exists, there is nothing 
to dispute about; cadit quæstio. The whole dif- 
ficulty arises fron1 the adnlission that evil exists; 
or that what we call evil exists. From this we 
inquire whether or not the author of it can be per- 
fect1y benevolent? or if he be, with what vie,v he 
has created it ? This assumes hinl to be infinitely 
powerful, or at least powerful enough to have pre- 
vented the evil; but indeed \ye are now arguing 
with the archbishop on the supposition that he has 
prayed the Deity to be of infinite power. The 
02 
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sceptic rests upon his dilenu11a, ana either alterna- 
tire" lin1ited power or lin1Ïted goodness, satisfies hil11. 
It is quite plain" therèfore, that King has assun1ed 
the thing to bè In'o,.eù in his first argulnent, or 
argunlent à jJ1'iori. For he proceeds upon the 
l)ostulates that the Deity is infinitely good, and that 
he only had hunlan happiness in view' 'v hen he 
Inade the world. Either supposition would have 
served his purpose; anà making either ,vould have 
been taking for granted the whole matter in dis- 
pute. But he has assull1ed both; and it nlust be 
added" he has made his aSSUlll ption of both as if 
he was only laying down a single position. I'his 
part of the work is certainly Dlore slovenly 
than the rest. It is the third section of the first 
chapter. 
It is certainly not from any reluctance to admit 
fhe existence of evil that the learned author and 
his able con1111entator ha'"e been led into this incon- 
clusive course of r\"asonin cr . 'V' e shall nowhere 
b 
find 11lore striking expositions of the state of things 
in this respect, nor nlore glooluy descriptions of our 
condition, than in their celebrated ,york. "\Vhence 
so luany inaccuracies (says the archbishop) in the 
,york of a n10st good and nlost powerful God? 
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'Yhence that perpetual war between the \-cry ele- 
ments, between animals, between men? 'Yhence 
errors, n1Íseries, and vices, t he constant conlpanions 
of human life from its infancy? "?hcnce good to 
edl luen" e,-il to the good? If we behold anything 
irregular in the works of nlen, if any nlachine 
serre not the end it were nlade for, if we fi nel sonle- 
thing in it repugnant to itself or others, we attri- 
bute that to the ignorance, impatience, or malice of 
the workman. But since these qualities have no 
place in God, how COlne thf?Y to have place in any- 
thing? Or why does God suffe)' his works to be 
deforn1ed by them? "-(Chap. ii. s. 3.) Bishop 
Law in his adlnirable preface still more cogently 
})uts the case: "\Vhen I inquire how I got into 
this world" and came to be what I am, I aln told 
that an absolutely perfect being l)roduced nle out 
of nothing, and placed me here on purpose to com- 
nlunicate some part of his happiness to nle, and to 
make me in SOlne measure like himself. This end 
is not obtained-the direct contrary appears- 
find myself surrounded with nothing but perplexity, 
want, and misery-by whose fault I know not-ho\v 
to better myself I cannot tell. 'Yhat notions of good 
and goodness can this afford me? \\That ideas of 
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religion? What hopes of a future state? For if 
God's aim in producing DIe be entirely unknown, 
-if it be l1-either his glory (as SOlne ,,,ill have it), 
,vhich my present state is far froln advancing, nor 
Inine own good" which the sanle is equally i
con- 
sistent with, how kno,v I what I anl to do here, or 
indeed in what manner I must endeavour to please 
him? Or why should I enùeavour it at all? For if I 
must be miserable in this world" ,vhat security have 
I that I shall not be so in another too" (if there be 
one,,) since, if it were the will of nlY Almighty Cre... 
ator, I nlight (for aught I see) have been happy in 
both." -(Pref. viii.) 
The question thus is stated. The difficulty is 
raiseù in its full and formidable magnitude by Loth 
these learned and able men; that they have signally 
failed to lay it by the argument à priori is plain. 
Indeed it seen1S wholly impossible ever to answer 
by an argU111ent à 1 ri01"i any objection ,vhate,'er 
which arises altogether ont of the facts made kno,vn 
to us by experience alone, and which are therefore 
in the nature of contingent truths, resting upon 
contingent. evidence, 'while all demonstrations à 
prio1'i must necessarily proceed upon mathematical 
truths. Let us now see if tllf.>ir labours have been 
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more successful in applying to the Eolution of the 
difficu lty the reasoning {t posteriori. 
Archbishop King divides evil into three kinds- 
illlperfection, natural evil, and moral evil-includ- 
ing under the last head all the physical evils that 
arise fro1l1 hun1an actions, as well as the evil which 
consists in the guilt of those actions. 
The existence of imperfection is stated to be neces- 
Earv, because even.Tthino- which is created and not 

 J 0 
self-existent nllist be imperfect; consequently every 
,york of the Deity, in other words, everything but the 
Deity hin1self, n1Hst have imperfect.ion in its nature. 
:IX or is the existence of some beings which are inl- 
perfect any interference ,vith the attributes of 
others. Nor the existence of beings ,vith many im- 
})erfections any interference with others having pre- 
en11nence. The goodness of the Deity therefore is 
no impugned by the existence of ,.arious orders of 
created beings more or less approaching to per- 
fection. His creating none at all would have left 
the universe less admirable and containing less 
happiness than it now does. Therefore" the act of 
mere benevolence which called those various orders 
into existence is not jnlpeached in respect of good- 
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ness any 1110re than of power by the variety of the 
attributes possessed by the different beings created. 
Upon this argulnent it nlay be observed that 
nluch of it is solid; but one part is ill-considered. 
The goodness of the Deity is well shown not to 
be inlpugned by the illlperfection of any creatures; 
ùut the necessity of the inlperfection is not proved 
ùy merely saying that all created beings, all which 
are not self-existent" must be imperfect. They 
might by possibility be perfect in every respect 
except their being created. This argument C0111- 
mits the great paralogism of substituting aU ex- 
isting inlperfections for the one imperfection of 
not having self-existence. The main stress of the 
question" however, has ne,.er rested so Hluch upon 
D1ere evils of ill1perfection" unless we reckon di
- 
solution and death among them" which King by no 
nleans does. 
He now procpeds to grapple with the real diffi- 
culty of the question. And it is truly astonishing 
to find this acute n1etaphysician begin with an 
assumption which entirely begs that question. As 
in] perfection, say
 he" arises fron1 created beings 
having been nlade out of nothing, so natural evils 
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arise "from all natural things having a relation to 
matter, and on this account being necessarily sub- 
ject to natural eyil." As long as Inatter is subject 
to motion" it nlust be the subject of generation and 
corruption. "These and all other natural evils,," 
says the author, "are so necessarily connected with 
the material origin of things that they cannot. he 

eparated from it" and thus the structure of the world 
either ought not to have beeu formed at all" or 
these evils nlust ha'
e been tolerated without any 
imputation on the divine power and goodness." 
Again" he says, " corruption could not be avoided 
,vithout violence done to the laws of motion and 
the nature of matter." Again," All nlanner of 
incon\1.eniences cOllld tlot be a,"oided because of 
the in1 perfection of n1atter and the nature of motion. 
That state of things were therefore preferable which 
was attained with the fewest and the least incon- 
veniences." Then follows a kind of nlenace" " And 
who but a yery rash indiscreet person will affirm 
that God has 110t actually made choice of this ?"'- 
when everyone nlUSt. perceive that the bare pro- 
pounding of the question concerning e,-il calls upon 
us to exerci
e this temerity and conln1Ít this indis- 
cretion.-(Chap. iv. s. 1, dive 7.) He then goes into \ 
c3 
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1110re detail as to particular cat)es of natural eyil; 
but all are handled in the saIne way. Thus death 
is eXplained by sa yiug that the bodies of anirnals 
are a kind of ves
els ,vhich contain fluiùs in nlotion, 
and being broken, the fluids are spilt anù the 
motions cease; "because by the nati,-e iUlperfec- 
tion of matter it is capable of dissolution} and the 
spilling and stagnation Dlust necessarily follow, and 
with it animal life must cease."-(Chap. iy". s. 3.) 
Disease is dealt ,vith in like manner. " It could 
not be a,.oided unless animals had been made of a 
quite different frame and constitution."-(Chap. iv. 
s. 7.) The whole reasoning is summed up in the 
concluding section of this part" where the author 
somewhat triumphantly says, 
'The difficult ques- 
tion then, \vhence COlnes evil? is not unanswerable. 
For it arises from the very nature and constitution 
of created beings, and could not be avoided with- 
out a contradiction."-(Chap. iv. s. g.) To this the 
comnlentary of Bi::;hoJ? Law adds (Note 41)" " that 
natural evil has been shown to be" in every case, 
unavoidable, without introducing into the system a 
greater evil." . 
It is certain that many IJersons, led away by the 
authority of a great nanle" have been accu':itomed 
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to regard this work as a text.-book" and have 
appealed to Archbishop King and his learned com.. 
mentator as having solved the question. So nlany 
In en have referred to the rc Prineipia" as showing the 
n10tions of the heavenly bodies, who neyer read, or 
indeed could read, a IJage of that immortal \york. 
But no man erer did open it who could read it and 
find himself disappointed in anyone particular; the 
whole dernonstration is perfect; not a link is wanting; 
nothing is assumed. How different the case here! 
'Ye open the work of the prelate and find it from 
first to last a chain of gratuitous assunlptions, and" 
of the rnain point" nothing whatever is either proyed 
or explained. Eril arises, he says" from the nature 
of nlatter. lVho doubts it ? But is not the whole 
question why matter was created with such proper- 
ties as of necessity to produce evil? It was impossi- 
ble" says he, to avoid it consistently with the laws of 
motion and matter. Unquestionably; but the whole 
dis!)t1te is upon those laws. If indeed the laws of 
nature" the existing constitution of the n1aterial 
world" 'were assumed as necessary, and as binding 
upon the Deity, how is it l)ossible that any question 
eYer could have been raised? The Deity having 
the rower to make those laws, to endow matÌ(:)}" 
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\\"ith that constitution, and having also the power 
to nlake different laws and to give lllattrr another 
constitution, the whole question is" how his choosing 
to create the present existing order of things-the 
laws and t.he constitution ,,,hich ,ye find to prevail 
-can be reconciled with perfect goodness. The 
,,-hole argun1ent of the archbishop aSSlunes that 
matter and its laws are independent of the Deity; 
and the only conclusion to which the inquiry leads 
us is that the Creator has nlade a ,,"orld with as 
little of evil in it as the nature of things-that is, as 
the laws of nature and l11atter-allowed him; which 
is nonsense" if those laws were made by hinI, and 
leaves the question where it was, or rather sol res it 
by giving up the ollu1Ípotence of the Creator" if 
these laws were binding upon him. 
ltmust be added" however, that Dr. I
ing and Dr. 
Law are not singular in pursuing this 1110st inconclu- 
si,-e course of reasoning. Thus Dr. J. Clarke, in 
his treatise on natural eyil" quoted by Bishop I
a w 
(N ot.e 32), shows how n1ischief.
 arise fro1l1 the laws 
of nlatter; and says this could not be ayoided 
"without altering those primary laws, that is" 
making it something else than what it is, or chang- 
ing it into another fonn; the result of which would 
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only be to render it liable to evils of another kind 
against which the same objections would equally lie." 
So Dr. J. Burnett" in his discourses on evil, at. the 
Boyle Lecture (vol. ii. p. 201), concei\-es that he 
explains death by saying, that the n1aterials of 
which the body is composed u cannot last beyond 
se\Oenty years, or thereabouts" and it was originally 
intended that we should die at that age." Pain, 
too, he in1agines, is accounted for by observing that 
we are endowed with feelings, and that if we could 
not feel pain so neither could we pleasure (p. 202). 
Again he says that there are certain qualities 
which" in the nature of things nlatter is uncapable 
of" (p.207). And as if he really felt the pressure 
of this difficulty, he at length conIes to this conclu- 
sion, that life is a free gift, which we had no right 
to exact, and which the Deity lay under no ne- 
cessity to grant" therefore we must take it with 
the conditions annexed (p. 210); which is unde- 
niably true, but is excluding the discussion and not 
answering the question proposed. 1\ or must it be 
forgotten that son1e rea::;oners deal ::;trangely with 
the facts. Thus Derhanl" in his" Ph y sico-Theoloay,," 
0., 
explaining the use of poison in snakes" first desires 
us to bear in mind that many venomous ones are of 
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use medicinally in stubborn diseases" \vhich is not 
true.> and if it were would l)rove nothing" unless the 
venorn" not the flesh, were proved to be medicinal; 
and then says" they are "scourges upon ungrateful 
. 
and sinful n1en;" adding the truly astounding 
absurdity" "that the nations which kno\v not God 
are the most annoyed with noxious reptiles and 
other pernicious creatures" (Book ix. c: 1); which if 
it were true \vould raise a double difficulty, by 
showing that one people was scourged because an- 
other had neglected to preach the gospel among 
them. Dr. J. Burnett,. too" accounts for animals 
being suffered to be killed as food for Dlan" by 
affirming that they thereby gain all the care which 
man is thus led to besto,v 'upon thenl" and so are" 
on the whole, the better for being eaten. (Boyle 
Lecture, II. 207). But the most singular error 
has perhaps been fallen into by Dr. Sherlock" and 
the most unhappy-which yet Bishop Law has 
cited as a sufficient allsv.er to the objection respect- 
ing death: n It is a great instruDlent of governnIent, 
and tnakes men afraid of committing such villanies 
as the laws of their country have made capital" 
(l\; ote 34). So that the greatest error in the crin1i- 
nal legislation of all countries forms part of the 
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divine providence, and nlan has at length dis.. 
coyered, by the light of reason" the folly and the 
wickedness of using an instrument expressly createcl 
by divine Onlniscience to be abused! 
The renlaining portion of I{ing's work, filling the 
second ,'ohnl1e of Bishop Law's edition, is devoted 
to the explanation of l\Ioral Evil; and here although 
t here are 
onle sound and irrefragable doctrines 
explûined, yet the gratuitous assumption of the 
"nature of things,," and the "laws of nature,," more 
or less pen
ade the whole a5 in the former parts of 
the Inquiry. 
The fundamental position of the whole is" that 
man haying been endowed with free will, his hap- 
l)iness consists in 111aking due elections" or in the 
right exercise of that free "rill. Fiye causes are 
then given of undue elections, in ,vhich of course 
his misery consists as far as that depends on 
himself; these causes are" error" negligence" oyer- 
indulgence of free choice, obstinacy or bad habit" and 
the inlportunity of natural appetites; which last 
it must in P assinO" be renlarked belonO"s to the head 
o b 
of physical evil" and cannot be assumed in this dis- 
cussion without begging the question. The great 
difficulty is then stated and grappled with, nanlely, 
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how to reconcile these undue elections with divine 
goodness. The objector states that free will nlight 
exist without the power of making undue elections" 
by being suffere
l to range, as it were, only among 
lawful objects of choice. But the answer to this seenlS 
sound" that such a will would only be free in nan1e ; 
it ,yould be free to choose anlong certain things, 
but would not be free-n-ill. r-fhe objector again 
urges, that either the choice is free and may fall 
uI)on evil objects" against the goodness of God" or 
it is so restrained as only to fall on good objects" 
against freedonl of the will. I{ing
s solution i
" 
that more evil would result fr0111 preventing these 
undue elections than fron1 suffering them" and so 
t he Deity has only done the best he could in the 
circun1stances; a solution obviously liable to the 
san1e objection as that respecting 
 atural Evi1. 
There are three ways, says the archbishop" in 
which unùue elections n1ight have been prevented; 
not creating a free-agent-constant interference 
,vith his free-will-renloving hin1 to another state 
where he would not be ten1pted to go astray in his 
choice. ./1. fourth mode n1ay" however" be sug.. 
gested,,-creating a free-agent without any inclina- 
tion to evil" or any temptation from external 
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objects. \Vhen our author disposes of the second 
method" by stating that it aSSl1111eS a constant 
miracle, as great in the moral as altering the 
course of the planets hourly would be in the 
material universe, nothing can be In ore sound or 
more satisfactory. But when he argues that our 
,vhole happiness consists in a consciousness of free- 
dom of election, and that we should ne\-er know hap- 
piness were we restrained in allY particular, it seems 
wholly inconceivable how he should have omitted 
to consider the l)rodigious con1fort of a state in 
'which we should be guaranteed against any error 
or improl)riety of choice; a state ill which we 
should both be unable to go astray and always feel 
conscious of that security. lIe, however" begs the 
question most D1anifestly in dealing with the two 
other Inethods stated, by which undue elections 
might have been precluded. H ì'" ou would have 
fl"eeclon1," says he, "without any inclination to sin; 
but it may justly be doubted if this is possible ill. 
t/Ze present state of tlLings,," (ch. v. s. 5, sub. 2) ; 
and again, in answering the question why God did 
not relllOye us into another state where no ten1pta- 
tiOll could seduce us, he sa
-s: "It is l)laill that in 
the present state of t/Zings it is in1!)ossible for 111en 
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to live \vithout natural evils or the danger of sin... 
ning." (lb.) N ow the ,vhole question arises upon 
the constitution of the present state of things. If 
that is allowed to be inevitable" or is taken as a 
datum in the discussion, there ceases to be any 
question at all. 
The doctrine of a chain of being is enlarged 
upon, and with much felicity of illustration. But 
it only 'wral1s up the difficulty in other words" 
,,,ithout solving it. For then the question become'.) 
this- \Vhy did the Deity create such a chain as 
could not be filled up ,vithout misery? It is" 
indeed, merely restating the fact of evil existing; for 
whether we say there is suffering alnong sentient 
beings,-or the universe consists of beings more or 
less happy, more or less miserable,-or there exists a 
chain of beings varying in perfection and in felicity,,- 
it is manifestly all one proposition. The remark of 
Bayle upon this view of the subject is really not at 
all unsound" and is eminently ingenious: u 'V ould 
you rlefend a king who should confine all his sub- 
jects of a certain age in dungeons" upon the ground 
that if he did not" many of the cells he had built 
must remain empty 1" The answer of Bishop La,v 
to this renlark is by no nleans satisfactory. He 
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savs it assumes that 1110re nlisery than happiness 
e:\.ists. 1\ ow" in this "iew of the question" the 
balance is quite imnlaterial. The existence of any 
evil at all raises the question as much as the pre- 
ponderance of evil over good, because the question 
conceives a perfectly good Being, and asks hon- such 
a Beingcan have permitted any evil at all. Upon this 
part of the subject both King and La,v have fallen 
into an error ,vhich recent disco\7eries place in a 
singularly clear light. They say that the argu- 
ll1ent they are dealing with \vould lead to leaving 
the earth to the brutes ,yithout lunnan inhabitants. 
But the recent discoveries in Fossil Osteology have 
prayed that the earth, for ages before the last 5,000 
or 6,000 years, was left to the lower animals; nay, 
that in a still earlier period of it s existence no ani- 
rnallife at all was n1aintained upon its surface. So 
that, in fact, the foundation is remo,-ed of the 'j'educ- 
tio ad absurdul1z attempted by the learned prelates. 
A singular argunlent is used towards the latter 
end of the Inquiry. 'Yhen the Deity, it is said, 
resolved to create other beings, He must of necessity 
tolerate imperfect natures in his handiwork, just as 
he must the equality of a circle's radii ,vhen he 
drew a circle. 'Yho does not perceive the differ- 
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ence? The nleaning of the word circle is that the 
raùii are all equal; this equality is a necessary truth. 
But it is not shown that men could not exist without 
the iluperfections they labour under. Yet this is the 
argument suggested by these authors while conlplain- 
ing (ch. v. s. 5, sub. 7" dive 7) that Lactantius had not 
sufficiently answered the Epicurean dilenlma; it is 
the substitute propoundeù to supply that father's defi.. 
ciency.-" 'Vhen, therefore," says the archbishop, 
u luatter" motion" and free will are constituted, the 
Deity must necessarily !)ermit corruption of things 
and the abuse of liberty, or something \vorse, for these 
cannot be separated without a contradiction, and God 
is no more inl potent than hecause he cannot separate 
equality of radii froll1 a circle." eCho v. S. 5. subs. 7.) 
If he could not ha,.e created e\-il, he would not 
haye been omnipotent; if he would not" he must 
let his power lie idle; and rejecting evil have 
rejected all the gooù. " Thus (exclaims the author 
\yith triumph and self-coillplacency) then vanishes 
this I-Ierculean argulnent, which induced the Epi- 
cureans to ùiscard the good Deity, and the l\Iani- 
cheans to substitute an evil one." (lb. subs. 7. .sub 
fine). K or is the explanation rendered 1110re satis- 
factory, or indeed 1110re intelligible" by the con- 
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eluding })assage of all, in ,,-hich we are told that 
" froln a conflict of two properties, namely, olllni- 
110tence and goodness, e,-ils necessarily arise. 
These attributes amicably conspire together, and 
yet restrain and lin1Ït each other." It 11light have 
been expected frOlll hence that no evil at all shoulcl 
be found to exist. "There is a kind of struggle 
and opposition between them, whereof the evils in 
nature bear the shadow and reselllblance. Here 
then, and no where else, nlay we find the primary 
and nlost certain rise and origin of evils." Such is 
this celebrated work; and it lì1ay safely be affirmed 
that a lTIOre cODlplete failure to overconle a great 
and adn1Ïtted difficulty,-a 1110re unsatisfactory solu- 
tion of an ilnportant question,-is not to be found 
ill the whole history of metaphysical science. 
Alnong the authors who ha'"e treated of this subject 
a high place is justly giren to Archdeacon Balguy, 
whose work on Dh-ine Bcnevolence is always referred 
to by Dr. :paley wit h great cOlnmendation. But. certain 
it is that this learned and pious writel
 either had 
l1f',-er formed to hinlself a very precise notion of the 
real question under discussion, namely, the conlpati- 
hility of the appearances which we see and which 
we consider as evil, with a Being infinitely powerful 
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as well as good; or he had in his mind some 
opinions respecting the divine nature" opinions of 
a limitary kind" which be does not state distinctly" 
although he cònstantly suffers them to influence his 
reasonings. Hence, w heneyer he comes close to 
the real difficulty he appears to beg the question. 
A rery fen" instances of w hat really pen-ades the 
whole work, win suffice to sho,v ho,v unsatisfactory 
its general scolle is, although it contains, like the trea.. 
tise of Dr. l{ing and Dr. Law's Conln1entary" many 
yaluable observations on the details of the subject. 
And .first we nlay perceive that what he tern1S 
a "P1'et"io1ls Remark,," and desires the reader 
"to carry along through the 'lc/tole * proof of 
divine benevolence," really contains a statement 
that the difficulty is to be evaded and not nlet. 
" An intention of producing good (says he) will be 
sufficiently apparent in any particular instance 
if the t bing considf'red can neither be changed 
nor taken away w
thout loss or harn1, all other 
tflings continuing the sal11e.t Should you sup- 
pose various;- things in the system changed at 
once, t you can neither judge of the pos5ibility 
"* These italics are in the original, aud 110 doubt they point our 
attention to the refutation at once. 
t Sic ill orig. 
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nor the consequences of the changes" having 
no degree of experience to direct you." Now 
assuredly this postulate nlakes the whole ques- 
tion as easy a one as ever me
aphysician or natu- 
ralist had to solve. For it is no longer- "Thy did 
a powerful and benevolent Being create a 'world in 
which there is evil,,-but only,-The world being 
gi\-en" ho'w far are its different arrangen1ents consist- 
ent with one another? According to this" the earth- 
quake at Lisbon" V oltaire
s favourite instance" 
destroyed thousands of persons, because it is in the 
nature of things that subterraneous vapours should 
explode" and that when houses fall on human beings 
they should be killed. Then if Dr. Balguy goes to 
his other argument" on ,yhich he often dwells" that 
if this nature were altered" we cannot possibly tell 
whether worse n1Ïght not ensue; this" too, is assum- 
ing a limited power in the Deity, contrary to the 
hypothesis. It lllay lllost justly be said, that if there 
be anyone supposition necessarily excluded fl'OlTI the 
\vhole argun1ent, it is the fundanlental supposition . 
of the" Previous Remark,," namely," aU other things 
continuing the same." 
But see how this assumption })ervades and 
paralyzes the whole argument" rendering it utterly 



48 


THE ORIGIN OF EVIL. 


inconclusive. The author is to answer an objection 
deri\Ted froll1 the constitution of our appetites for food" 
and his reply is, that" we cannot tell how far it was 
possible* for the stomachs and palates of aninlals to 
be differently formed, unless by some remedy ,vorse 
than the disEase." t Again" upon the question of 
pain: "Ho,v do we kno,v that it ,vas JJossible* 
for the uneasy sensation to be confined to par- 
ticular cases."! So "'e 111eet the sanle fallacy 
under another form, as eril being the result of 
"general principles." But no one has ev.er 
pushed this so far as Dr. Balguy, for he says" 
"that in a governnlent so conducted many erents 
are likely to hap11en contrary to the intention 
of its author."
 lIe now calls in the aid of 
chance, or acciùent-" It is probable,," he says, 
"that God should be good, for edl is 1110re likely to 
be accidental* than appears from experience in 
the conduct of men."11 Indeed his fundamental posi- 
tion of the Deity's bene,.olence is rest.ed upon this 
founùation" that" plcasu'J'cs only* were intended,and 
that the l]ains are accidental consequences although 
the nlcans of proJucing pleasures.", '[he same 
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recourse to accident is repeatedly had. 'rhus, 
" the eyents to which we are exposed in this in1per- 
fect state appear to be the accidental* not natural 
effects of our frame and condition." t Now can any 
one thing be more manifest than that the very first 
notion of a wise and powerful Being excludes all 
such assunl!)tions as things happening contrary to l-lis 
intention; and that when we use the word chance 
or accident" which only nleans our hUlnan igno.. 
rance of causes, we at once gire up the whole 
question, as if we saiù, cc It is a subject about which 
we know nothing." So again as to power. U.A good 
design is n10re (Üfficult* to be executed" and there- 
fore nlore likely to be executed 'impe1fectly, * than an 
evil one, i. e., with a nlixture of effects foreign to 
the design and opposite to it."! This at once 
assumes the Deity to be powerless. But a general 
statement is. afterwards rnade more distinctly to the 
san1e effect. U 
Iost sure it is that he can do all 
things possible. But arc we in any degree compe- 
tent judges of the bounds of possibility."
 So again 
under another forn1 nature is introduced as some- 
thing different ffonl its author, and offering linlits 
to his power. HIt is plainly not the nlethod 0 r 
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nature to obtain her ends instantaneously." * Pass- 
ing orer such propositions as that "'Uselesst evil is 
a thing ne,.er seen" (when the whole question is 
,,-hy the san
 ends ,vere not attained without 
e,.il), and a variety of other subordinate assuillp- 
tions contrary to the hypothesis, \ve may rest with 
this general statelnent, 'which almost every IJage of 
Dr. Balguy's book bears out, that the question 
which he has set himself to solve is an ything rather 
than the real one touching the Origin of Evil; and 
that. this attenlpt at a solution is as ineffectual as 
any of those which we have been considering. 
Is then the question wholly incapable of solution" 
which all these learned and inaenious men have 
o 
o 
entirely failed in solving? 1\1 ust the difficulty 
renlain for ever unsurnlounted, and only be ap- 
l)roached to discover that it is insuperable? l\Iust 
the subject, of all others the most interesting for us 
to :know well, be to 11'3 always as a sealed book, of 
which we can ne\'er know anything? Fronl the 
nature of the thing-fronl the que
tion relating to 
the ope rat ion of a power which, to our lin1Íted facul- 
ties, nlust e,.cr be inconlprehellsible-there seems 
too llluch reason for believing that nothing precise or 
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satisfactory ever will be attained by human rèason 
regarding this great argument; and that the bounds 
which limit our view will only be passed when ,ve 
haye quitted the encumbrances of our mortal state" 
and are permitted to survey those regions beyond the 
sphere of our present circuillscribed existence. The 
other branch of Natural Theology, that which inves- 
tigates the evidences of Intelligence and Design" and 
leads us to a clear apprehension of the Deity's power 
and wisdolll, is as satisfactorily cultivated as any 
other departlllent of science, rests upon the same 
species of proof, and affords results as precise as they 
are sublinle. This branch will never be distinctly 
known, and will always so disappoint the inquirer 
as to render the lights of Revelation peculiar! y ac- 
ceptable, although even those lights leave much of 
it still involved in darkness-still mysterious and 
obscure. 
Yet let us endeavour to suggest SOllle possible 
explication, while ,ye admit that nothing certain, 
nothing eutirely satisfactory can be reached. The 
failure of the great writers whose works we have 
been contemplating ll1ay well teach us hUlllility" 
l11ake us distrust ourselves, and moderate within us 
any sanguine hopes of success. But they should not 
nlake us wholly despair of at least showing in what 
D2 



52 


THE ORIGIN OF EVIL. 


direction the solution of the difficulty is to be sought, 
and whereabouts it win probably be found situated, 
,yhen our feeble reason shall be strengthened and 
expanded. For one cause of their discomfiture 
certain] y has been their aiming too high" attempt- 
ing a conlplete solution of a l)roblem which only 
adn1ÏtteJ. of approximation, and discussion of limits. * 
It is adn1itted Oil all hands that the demonstra.. 
tion is complete which shows the existence of intel- 
ligence and design in the universe. The structure 
of the eye and ear in exact conforn1Ïty to the la\vs 
of optics and acoustics, shows as clearly as any 
experiment can show anything, that the source, 
cause, or origin is conlUlon both to the propcrtiC's 
of light and the fornlation of the lenses and retina 
in the eye-both to the properties of sound and the 
tynlpanum, malleus, incus, and stapes of the eat". 
1\ 0 doubt whatever can exist upon this subject, any 
U10re than, if we saw a IJarticular order issued to a 
body of men to perforu1 certain UnC0111U1011 evolu- 
tions" and afterwards saw the same body perforIll- 
ing those sanle eyolutions, we could doubt their 
harin o O" recei\"ed the order. .A. desio'ninO" and intel- 
o 0 


)"" An inquiry or discussion of limits, or a limitary investigatio3 
in mathematics, is where we se
k to know within what limits a 
solution must be found l as it were, whereabouts. 
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ligent anù skilful author of these admirably aùa11ted 
works is equally a clear inference froln the sanIe 
facts. 'Ve can no n10re doubt it than \ve can 
question, ,,-hen we see a n1Ïll grinding corn into 
flour, that the machinery was made by SOlne one 
who designed by means of it to prepare the n1aterials 
of bread. The saIne conc1usion
 are drawn in a 
vast variety of other instances, both wit h respect to 
the parts of hunlan and other bodies, and with 
respect to most of the other arrangenlents of nat urp. 
Sitnilar conclusions are also drawn fronl our con- 
sciousness, and the knowleJge which it gi,-es us of 
the structure of the n1Ïnd. Thus we find that 
attention quickens men10ry and enables us to re- 
collect; and that haùit renders all exertions and 
all acquisitions easy" beside haying the effect of 
alleviating IJain. 
But when we carry our sUf\-ey into other parts" 
whether of the natural or moral systenl" we 
cannot discover any design at all. \Y c frequently 
l)erceive structures the use of whi2h we kllO'W 
nothing about; parts of the aninlal frame that alJ- 
l)arently haye no functions to perform-nay that are 
the source of pain without yielding any IJcrcep- 
tible a(h-antage; arrangenlents and nlûvenìents of 
bodi
s which are of one particular kind, and yet we 
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are quite at a Joss to discern any reason 'why they 
Dlight not have been of many other descriptions; 
operations of nature that seem to serve no pur- 
pose whatever; and other operations and other 
arrangem
nts, chosen equally without any beneficial 
vi
w, and yet which often give rise to much appa- 
rent confusion and n1ischief. N ow" the question is, 
first" whether in anyone of these cases of arrange- 
ment and structures \vith no visible object at all, 
\ve can for a moment suppose that there really is 
no object answered, or only conceive that we have 
been unable to discover it? Secondly, \vhether in 
th
 cases where mischief sometimes is perceived, 
and no other }1UrpOSe appears to be effected" \\
e do 
not almost as unifornlly lay the blame on our own 
ignorance" and conclude, not that the arrangement 
'was nlade without any design, and that mischief 
arisps without any contriver, but that if \ve knew 
the ,,-hole case we should find a design anù con- 
trivance, and also that the apparent n1ischief 
\yould sink into the general good? It is not neces- 
sary to admit, for our present purpose, this latter 
proposition, though it brings us closer to the matter 
in hand; it is sufficient for the present to admit, 
\vhat no one doubts, that when a part. of the body, 
for instance, is discoyered, to which, like the spleen, 
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".e cannot assign any function in the animal sys- 
tem, we never think of concluding that it is made 
for no use, but only that we have as yet not been 
able to discover its use. 
N ow let us ask, why do we arrive, and without 
any hesitation whatever" or any exception whatever, 
always and inlmediately arrive, at this conclusion 
respecting intelligence and design? K othing could 
be more unphilosophical, nay more groundless, 
than such a process of reasoning, if we had only 
been able to trace design in one or t.wo instances; 
for instance, if we found only the eye to show proof.-.; 
of contrivance, it would be wholly gratuitous, when 
we saw the ear, to assume that it was adapted 
to the nature of sound, and still more so, if, on 
examination, we perceh-ed it bore no perceptible re- 
lation to the laws of acoustics. The prooi of con- 
trivance in one particular is nothing like a proof
 
nay does not e,.en furnish the least presumption of 
contrÏ\-ance in other particulars; because, it p1'iori, 
it is just as easy to suppose one part of nature to 
be designed for a purpose, and another part, nay 
all other parts, to be formed at randon1 and without 
any contrivance, as to suppose that the formation of 
the whole is go,.erned by design. 'Yhy, then, do 
we, invariably and undoubting1 y, adopt the course of 
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reasoning \vhich has been mentioned, and never for 
a mOl11ent suspect anything to be forn1cd without 
some reason-some rational purpose? The only 
ground of this belief is, that we have been able 
distinctly to trace design in so vast a Inajority of 
cases as leaves us no IJo\Yer of doubting that, if our 
faculties had been sufficiently powerful, or our in- 
vestigation sufficiently diligent, ,ve should also 
have been able to trace it in those comparatively 
fe,v instances respecting ,vhich \ve still are in the 
dark. 
It may be worth while to give a few instances of the 
ignorance in \vhich we once were of design in some 
important arrangements of nature" and of the know- 
ledge which we no\v possess to show the purpose of 
their fOl'lllation. Before Sir Isaac :N" ewton's optical 
discoveries ,,-e could not tell why the structure of 
the eye was so cOlnplex, and why several lenses and 
humours \vere required to forn1 a 11icture of objects 
upon the retina. Indeed, until Dolland's subsequent 
di
co'-ery of the achron1atic effect of con1binillg 
various glasses, and 
Ir. 
lair's still more recent 
experiments on the powers of different refracting 
luedia, we ,,-ere not able distinctly to perceive the 
olJeration and use of the c0l11plicacy in the structure 
of the eye. 'Ye now well understand its nature, and 
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r.re able to cOll1prehend how that which had at one 
till1p, nay for ages, seemcd to be an unnecessary com- 
l)lexity, forn1s the nlost rerfect of all olJtical iustru- 
11lent
, and according to the nlost certain laws of 
refraction and of dispersion. 
So, too, we had obsern:d for sonle centuries the 
fOrI11s of the orbits in which the hea\-enly bodiès 
DIO\-e, and we had found these to be ellipses with 
a ,-ery slnall eccentricity. But why this was the 
forn1 of those orbits no one could e\-en conjecture. 
If any person, the ll10st deeply skiìlcd in n1athe- 
Inatical science, and the lllost internally convinced 
of the universal pre,"alence of design and contrivance 
in the structure of the uni,-erse, had been asked 
w hat reason there was for the l)lanets 111o,-ing in 
ellipses so nearly approaching to circlcs" he could not 
ha\-e given any good rea,;on, at least beyond a guess. 
The force of gravitation, even admitting that to be 
as it \yere a condition of the creation of nlatter 
, 
would hare nlacle those bodics reyolve in ellipses 
of any degree of eccentricity just as well" provided 
1he angle and the force of IJrojection had been varied. 
Then why was this fonn rather than any other 
01 
chosen? X 0 one knew; yet no one doubted that 
there was an1ple reason for it. Accordingly the 
D3 
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su b1irne discovpries of Lagl'ange and La Place ha 
shown us that this small eccentricity is one material 
elenlent in the formula by which it is shown that 
all the irrpgularities of the system are periodical, 
and that the de,'iation never can exceed a certain 
anlount on either hand. 
But" again" ,vhile ,ve were ignorant of this, per- 
haps the most sublime truth in an science, we were 
always arguie.g as if the systenl had an imperfec- 
tion, as if the disturbing forces of the different 
planets and the sun, acting on one another, con- 
stantly changed the orbits of each planet, and must, 
in a course of ages, work the destruction of the whole 
l)lanetary arrangement which \ve had contemplated 
,vith so great admiration and with awe. It was 
de(,lned enough if \ve could show that this derange- 
n1ent must be extremely slow, and that, therefore, 
the systenl might last for n1any n1ure ages without 
requiring an in terpositiol1 of ornnipotent skill to 
preserve it by rectifying its 1110tions. Thus one of 
the nlost celebrated writers above cited argues 
that, " from the nature of gravitation and the concen- 
tricity of the orbits, the irregularities proùuced are 
so slowly operated in contracting, dilating, and in- 
clining those orbits, that the systen1 Inay go on for 
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many thousand years before any extraordinary inter- 
ference becolues necessary in order to corr
ct it.." * 
And Dr. Burnet adds, that "those small irregu- 
larities cast no discredit on the good contrivance 
of the who]e."t 
 othing, however, could cast 
greater discredit if it ,vere as he supposed, and as 
all men previous to the late discoveries supposeù; 
it was only, they rathpr think, a "'small irregu- 
larity," which was every hour tending to the de- 
struction of the whole systenl, and which Illust 
have deranged or confounded its whole structure 
long before it destroyed it. Yet now we see that 
the wisdolll, to which a thousand years are as one 
day, not satisfied with constructing a fabric which 
might last for "many thousand years without IIis 
interference," has so formed it that it may thus 
endure for ever.! 
1\ ow, if such be the grounds of our belief in the 
uni\ ersal prevalence of Design, and such the different 
lights which at different periods of our progress in 
science we possess upon this great branch of the 
::: Dr. J. Burnet. Boyle, Lecture ii. c. 78. 
t lb_ p. 181. 
t If the retardation of Encke's comet, or other facts. should 
lead to the belief of general derangement from an Ether, who will 
now be bold enough to doubt that further discovery may show 
the adjustment of this also? 



GO 


THE ORIGIN OF EYIL. 


dirine goVel'Un1ent; if \\
e undoubtingly "believe that 
cont.ri\'ance is universal only becau
e lre can trace 
and comprehend it in a great majority of instances, 
and if the l1u111b r of exceptions to the ruìe is occa- 
sioually dinlÏnished as our knowledge of the parti- 
culars is fronl tinle to tilne extended-nlay we not 
apply the sanlC' principle to the apprehension of 
Benevolent purpose" and infer frOlTI the BUIBLer of 
instances in \vhich we plainly l)erceive a good in- 
tention, that if we were better acquainted with those 
cases in \vhich a contrary intention is now apparent, 
'we should there too fi nd the generaHy pervadi n g 
character of ßenevùlence to 11revail? Not only is 
this the 111anner in which we reason respecting the 
Design of the Creator fr0111 exan1Ínillg his works; 
it is the n1anner in which \ye treat the conduct of 
our fellow-creatures_ it 111an of the 1110St cxtel1sh-e 
benevolence and strictest integrity in his general 
del)ortInent has ùone something equivocal; nay, 
something apparently harsh and cruel; we are slo\v 
to condemn hinl; we gi\-e hinl credit fur acting 
with a gooù 1110tive and for a righteous PUl'lJose; 
we rest satisfied that cc if we only knew everything, 
he ",
ould come out Llanleless." Thi3 arises froill a 
just anù a sound vie\v of Illln1an character" and its 
general consistency with itself. '-rhe same reasoning 
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may surely be apll!ieù, with aU hun1ility and 
re,-erence" to the works and the intentions of the 
(J1'eat Bein cr who has im p lanted in our mind the 
b 0 
}1rinciples which lead to that just and sound view of 
the deeds and motives of n1en. 
But let the argument be rested upon our conrse 
of reasoning respecting diyine contrivance. rrhe 
existence of Evil is in no case 1110re apparent than 
the existence of Disorder seenlS to be in many 
things. 1'0 go no further than the last examl)le 
,,,hich has been given-the nlathen1atician could 
11.ßrcei,"e the derangen1ent in the planetary orbits, 
could den10nstrate that it 11lUst ensue frOl1I the 
nlutual action of the heavenly bodies on each other, 
could calculate its progress with the \1tlnost exact- 
ness, could tell with aU nicety ho\v 111uch it would 
alter the fornls of the orbits in a gi,-en tinIe, could 
foresee the time when the whole systenl n1ust be 
ilTètrie,-abl y destroyed by its operation as a 111athe- 
matical certaintv. N othino- that we call e,-il can 
0# 0 
be D1uch more certainly 11ercei,-ed than this de- 
rangen1ent, of itself an eriI, certainly a great in1per- 
fection, if the systenl was obserred by the 11lind of 
111an as we regard hU111an works. or et we now 
find, fronl wen considering some things which had 
escaped attention, that the systen1 is absolutely free 
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from derangen1ellt; that all the disturbances conn- 
terbalance each other; and that. the orbits never 
can either be flatten
d or bulged out beyond a 
definite and a very inconsiderable quantity. Can 
anyone doubt that there is also a reason for even 
this small and limited, this regular and temporary, 
derangement? 'Vhy it exists at all" or in any the 
least degree, we as yet know not. But who \vill 
1)resun1E' to doubt that it has a reason which would 
at once satisfy our minds were it known to us? 
Nay, who will affirm that the discoyery of it may 
not yet be in reserve for sonle later, and hapl)icr 
age? Then are we not entitled to apply the same 
reasoning to what at present appears Eyil in a system 
of ,vhich, after all \ve kno\v of it, so much still 
remains concealed from our view? 
The nlere act of creation in a Being of wisdoUI 
so admirable and power so vast, seems to 11lake it 
extrelnely probable that perfect goodness accom- 
panies the exertion of his }Jerfect skill. There is 
something so repugnant to all our feelings, but also 
to all the concpptions of our reason, in the suppo- 
sition of such a Being desiring the n1Ïsery, for its 
own sake, of the beings whom he \-oluntarily called 
into existence and endowed with a sentient nature, 
t hat the mind naturally and irresistibly recoils from 
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such a thought. But this is not all. If the nature 
of that. great Being were evil, His power being un- 
bounded, there would be some proportion between 
the amount of ills and the lllonuments of that power. 
Yet we are struck dumb with the immènsity of His 
works to which no imperfection can be ascribed, and 
in which no e,.i1 can be tracEd; while the amount 
of mischief that \ve see lllight sink into a most 
insignificant space, and is such as a being of most in- 
considerable power and very limited skill could easil y 
ha ve ac.colllplished. This is not the same con- 
sideration with the balance of good against evil; antI 
inquirers do not seem to ha,.e sufficiently attended 
to it. The argulllent, however, deserves much atten- 
tion, for it is purely and strictly inductive. The 
divine nature is shown to be clothed with prodigious 
l>ower and inconlparable wisdom and skill,-power 
and skill so vast and so exceeding our C0111!11'e- 
hension, that \ve ordinarily term then1 infinite, and 
are only inclined to conceive the posbibility of linlit- 
ing, by the course of the argtuuent u!)on evil, one 
alternative of which is assunled to raise an excep- 
tion. * But aùn1Ïtting, on account of the question 


.. The dilemma of the Epicureans, "Aut vult et non potest 
toUtre mala." 
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under discussion, that 'we ha\
e only a right to say 
the power anù skill are prodigiously great, though 
l)ossibly not boundless, they are rlainly shown in 
the phcnon1ena of the universe to be the attributes 
of a Being, who, if eril-disposed, could have n1acle 
the l1l0nUlllCnts of In upon a scale resenlbling those 
of Power and Skill; so that if those things which 
seem to us Evil be really the result of a mischievous 
design in such a Being, we cannot comprehend why 
they are upon so entirely different a scalp. This is 
a strong presu1I1ption from the facts that we are 
,vrong in inlputing those apIJearances to such a 
disposition. If so, what seems evil Inust needs be 
capable of some other explanation, consist.ent -with 
divine goodness)-that is to say, would not !)rore 
to be c\.il at all, if we knc\\ the whole of those facts. 
But it is necessary to 11roceed a step further, 
especially with a yiew to the fUl1daluental 110sition 
now contended for, the extending to the question of 
Benevolence the sanl
 principles ,rhich we apply to 
that of Int.elligence. The E\"il whic.h exists.. or that 
which we suppose to be Evil, not only is of a kind 
and a magnitude requiring inconceirably less power 
and less skill than the adnlitteJ. good of the creation 
-it also bears a very slnall pro!)ortion in an10unt ; 
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quite as small a proportion as the cases of unknown 
or unùisco\-erable design bear to those of acknow- 
ledged and proyed contrivance. Generally speaking, 
the preservation and the happiness of sensith-e 
creatures appears to be the great object of creatÏ\-e 
exertion and consen-atire providence. The expand- 
ing of our faculties, both bodily and l11ental, is 
accompanied with l)leasure; the exercise of those 
powers is alnlost always attended ,vith gratifica- 
tion; all labour so acts as to make rest peculiar! y 
delicious; Dluch of labour is enjoyment; the gratifi- 
cation of those appetites by which both the indi.. 
\"idual is l)reserved and the race is continued, is 
highl y pleasurable to all aninlals; and it must 
be observed that instead of being attracted by 
grateful sensations to do anything requisite for our 
good or even our existence, we n1Ïght hare been just 
as certainly urged by the feeling of pain, or the dread 
of it, which is a kind of suffering in itself. Nature, 
then, resenlbles the law giver who, to make his 
subject.s obey, should prefer holding out rewards for 
conlpliance with his c0111mands rather than denounce 
punishments for disobedience. But nature is yet 
nlore kind; she is gratuitously kind; she not only 
prefers inducement to threat or compulsion, but she 
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adds more gratification than was necessary to n1ake 
us obey her calls. IIo\v well n1Ïght all creation 
have existed and been continued, though the air had 
not been balmy in spring, or the shade and the 
spring refreshing in summer; had the earth not 
been enanlelled with flo\vers, and the air scented 

'ith perfunles! Ho\v needless for the propaga- 
tion of plants \vas it that the seed should be en- 
veloped in fruits the most savoury to our palate, and 
if those fruits serve some other purpose, how foreign 
to that purpose was the forrnation of our nerves so 
framed as to be sootbed or excited by their flavour! 
","
e here perceive Design, because we trace adapta- 
tion. But we at the S3-nle tilne perceive Benevolent 
Design., because \ve perceire gratuitous and super- 
erogatory enjoyment besto\vecl. Thus, too, see the 
care with which animals of all kinds are tended from 
their birth. Then10ther's instinct is not more certainly 
the nleans of securing and providing for her young, 
than her gratification in the act of maternal care is 
great and is also needless for making her perform 
that duty. The grove is not made vocal during 
l)airing and incubation, in order to secure the laying 
or the hatching of eggs; for if it were as still as the 
grave", or \vere filled with the rnost discordant croak- 
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ing, the process would be as \vell performed. So, 
too, mark the care with which injuries are remedied 
by what has been correctly called the vis 'iìzcdical'ì'ix. 
Is a muscle ÍI
ured ?-Suppuration takes place, the 
process of granulation succeeds, and ne" flesh is 
formed to supply the gap, or if that is less wide, a 
nlore simple healing process knits together the 
severed parts. Is a bone injured ?-A process CODI- 
mences by which an extraordinary secretion of bony 
Inatter takes place, and the void is supplied. N ay
 
the irreparable injury of a joint gives rise to the for- 
n1ation of a new hinge, by which the same functions 
may be not inconveniently, though le
s perfectly, per- 
formed. Thus, too, recovery of vigour after sickness 
is provided for by increased appetite; but there is here 
superadded, generally, a feeling of conlfort and light- 
ness, an enjoyn1ent of existence so delightful, that 
it is a comnlon remark how nearly this cOlllpeusates 
the sufferings of the illness. In the economy of 
the mind it is the same thing. All our exertions 
are stimulated by curiosity, and the gratification is 
extreme of satisfying it. But it might have been 
otherwise ordered, and SODle painful feeling nlight 
have been made the only stimulant to the acquisi- 
tion of knowledge. So, the charnl of novelty is pro- 
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verbial; but it might hare been the unceasing cause 
of the nlost painful alarnls. Haùit renders eyery 
thing easy; but. the repetition Dlight have only in- 
creased the annoyance. rrhe loss of one organ 
n1akes the others Dlore acute. But the partial 
injury might haye caused, as it were, a general 
para! ysis. 'Tis thus that Paley is well justified 
in exclaiming," It is a happy ,vorlel after all!" 
The pains and the sufferings, bodily and l11ental, 
to which we are exposed, if they do not sink into 
nothing, at least retreat within cOlnparativel y narrow' 
bounds; the ills are hardly seen when we survey 
the great and splendid picture of worldly enjoyment 
or ease. 
But the existence of considerable misery is unde- 
niable; and the question is, of course, confined to 
that. Its exaggeration" in the ordinaryestin1ate both 
of the vulgar and of sceptical rea::50ners, is equally 
certain. Paley, Bishop SUlllner" as well as Derham" 
King, Ray, and othúrs oftheolùer writers, ha,-e nlade 
lllal1Y judicious and generally correct obsen-ations 
uIJon its anloullt, and they, as ,yell as SOIHe of the able 
and learned authors of the Bridgcwater Treatise.;" 
lla\-C done 111uch in establishing deductions necessary 
to be !nade" in orùrr that we nlay arrirc at the true 
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anlount. That n1any things, apparently unn1ixed 
evil;:" when exan1ÏneJ more narrowly, prove to be 
l)artially beneficial, is the fair result of their well- 
D1eant labours; and this, although anything rather 
than a proof that there is no E,"il at an, yet is valu- 
able as still further proving the analogy between 
this branch of the argument and that upon Design; 
and in giving hopes that all may possibly be found 
hereafter to be good, as everything will assuredly 
be found to be contrived with an intelligent and 
useful purpose. It may be right to add a remark 
or 1\\"0 upon sonle e,-ils, and those of the greatest 
n1agnitude in the comnlon estimate of hunlan hap- 
piness" with a view of further illustrating this I)art 
of the subject. 
]\Iere Imperfection must altogether be deductefl 
fron1 the account. It ne\"er can be contendpd that any 
evil nature can be ascribed to the first cause" merely 
for not having endowed sentient creatures with 
greater 110wer or wisdol1l" for not having increased 
and nutltiplied the sources of enjoynlent, or for 
not having nlade those plEasures which we haye 
nlore exquisite} y grateful. No one can be so 
foolish as to argue that the Deity is either linlited 
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in power, or deficient in goodness, because he has 
chosen to create some beings of a less perfect order 
than others. The mere negation in the creating of 
sonle, indeed- of many, nay of any conceivable 
number of desirable attributes, is therefore no proper 
evidence of evil design or of limited power in the 
Creator-it is no proof of the existence of Evil 
IJroperly so calleù. But does not this also erase 
death from the catalogue of ills? It might well 
l>lease the Deity to create a nlortal being-a being 
which, consisting of soul and body, 'was only to live 
upon this earth for a limited nunlber of years. If, 
when that time has expireù, this being is removed to 
another and a superior state of existence, no evil 
w hateyer accrues to it fronl the change; anù all views 
of the government of this 'world lead to the im- 
portant. and consolotary conclusion" that such is the 
design of the Creator; that he cannot have be- 
stowed on us nlinds caI)able of such expansion and 
culture only to be extinguished when they have 
reached their highest pitch of illlprovement; or if 
this be considered as begging the question by assum- 
ing benevolent design, 'we cannot easily conceive 
that while the mind's force is so little affected by 
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the body's decay, the destruction or dissolution of 
the latter should be the extinction of the forn1er. * 
But that death operates as an 
vil of the very 
highest kind in hvo ways is obvious; the dread of 
it often el11bit.ters life.., and the death of friends 
brings to the nlind by far its most painful infliction; 
certainly the greatest suffering it can undergo without 
any criminal consciousness of its own. 
For this evil, then-this grievous and adnlitted 
e\Til-how shall we account? But first let us consider 
whether it be not unavoidable; not merely under the 
present dispensation, and in the existing state of 
things; for that is wholly irrelevant to the question 
which is raised upon the fitness of this very state of 
things; but whether it be not a necessary evil. That 
nlan might have been created immortal is not denied; 
but if it were the will. of the Deity to form a linlÏted 
being and to place him upon the earth for only a 
certain period of tin1e, his death was the necessary 
consequence of this determination. Then as to the 
pain which one person's removal inflicts upon sur- 
viving !)arties" this seems the equally necessary 
consequence of their having affections. For if any 
being feels love towards another, this inlplies his 
III A l"ote is subjoined on the Resurrection of the Body. 
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desire that the intercourse with t.hat other should 
continue; or, which is the same thing, the re- 
pugnance and aversion to its ceasing; that is, he 
must suffer affliction for that removal of the beloved 
object. To create sentient beings devoid of an 
feelings of aflection was no doubt possible to Om- 
ni})otence; but to endo\v those beings with such 
feelings as should gÌ\-e the constant gratification 
deriyed from the benevolent affections, and yet to 
nlake them wholly indiffprent to the loss of the 
objects of those affections, ,vas not possible even 
for Onlnipotence; because it was a contradiction 
in ternls, equivalent to making a thing both exist 
and not exist at one and the same time. lr auld 
there have been any considerable happiness in a 
life stril]ped of these kindly affections? "T e cannot 
affirm that there would not, because we are igno.. 
rant what other enjoynlents might haye been 
substituted for the. iu(lulgence of then1. But neither 
can we affirn1 that any such substitution could have 
been found; and it lies upon those who deny the 
necessary connexion between the human mind, or 
any sentient being's n1Ïnd, and grief for the loss of 
friends, to sho,v that there are other enjoyments 
which coul<J furnish an equi\'alent to the gratifica- 



THE ORIGIN OF EVIL. 


73 


tion derived frOlll the benevolent feelings. 'fhe 
question then reduces itself to this: "\Vherefore 
did a Being" who could have made sentient beings 
immortal" choose to make them lllortal? or" 
here- 
fore has he placed man upon the earth for a time 
only? or" \Yherefore has he set bounds to the powers 
and capacities which he has been pleased to besto\v 
upon his creature? and this is a question which 
we certainly never shall be able to solve; but a 
question extremely different from the one n10re 
usually put-How happens it that a good Being 
has matIe a world full of mi
ery anti death? 
In the necessary ignorance wherein we are of the 
whole designs of the Deity, we cannot wonder if 
some things" nay if ll1any things" are to our faculties 
inscrutable. But we assuredly have no right to 
say that those difficulties which try and vex us are 
incapable of a solution" any more than we have to 
say, that those cases in which as yet we can see no 
trace of design, are not equally the result of in- 
telligence, and equally conducive to a fixed and 
useful purpose with those in which we have been 
able to perceive the whole, or nearly the whole" 
scheme. Great as have been our achievements in 
physical astronolllY" we are as yet wholly unable to 
understand why a power pervades t,he system acting 
VOL. II. E 
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inversely as the squares of the distance from the 
l}oint to which it attracts" rather than a power acting 
according to any other law; and 'why it has been 

 
the pleasure of the almighty Architect of that 
universe, that the orbits of the planets should be 
nearly circular instead of approaching to" or being 
exactly the same with many other trajectorie3 of a 
nearl y similar forn1, though of other properties; 
nay" instead of being curves of a wholly different 
class and shape. Yet we never doubt that there was 
a reason for this choice; nay, we fancy it possible 
that even on earth \ye may hereafter understand it 
n10re clearly than we no\v do; and never question 
that in another state of being we may be pern1Îtted 
to enjoy the contemplation of. it. 'Yhy should we 
doubt that, at least in that higher state, we ll1ay 
also be enabled to perceÎre such an arrangement as 
shall Blake evil wholly disappear from our present 
systenl" by showing us that it was necessary and 
inevitable" even in the works of the Deity; or" which 
is the sallIe thing, that its existence conduces to 
such a degree of perfection and of hal)piness upon 
the whole, as could not, C\
ell by Onlnipotence, be 
attained without it; or, which is also the same 
thing, that the whole creation as it exists" taking 
both worlds together, is perfect, and incapable of 
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being in any particular changed without being 
n1ade worse and less perfect? 
Takin 0' both \vorlù.s toO'ether- For certainlv ,'.ere 
t) 
 .J 
our views lin1Ïted to the present sublunary state, 
we may well affirln that no solution whatever could 
even be imagined of the difficulty-If we are 
never again to lire; if those we here lo\.ed are for 
e,-er lost to us; if our faculties can receive no fur.. 
ther expansion; if our mental powers are only 
trained and ilnpro,-ed to be extinguished at their 
acme-then indeed are we reduced to the nlelan- 
choly and gloomy diletnma of the Epicureans; and 
Evil is contest to checker" nay alnlost to cloud 
0'ger, our whole lot" without the possibility of COIU- 
prehending why" or of reconciling its existence with 
the supposition of a Providence at once powerful 
and good. But this inference is also an additional 
argument for a future state" when we couple it with 
those other conclusions respecting the economy of 
the world to which we are led Ly wholly different 
routes" when we investigate the phenolnena around 
us and within us. 
Suppose, for example" it should be found that 
there are ce!otain purposes which can in no 'way 
whatever-no conceiyable way-be answered except 
by placing man in a state of trial or probation; 
E2 
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suppose the essential nature of lnind shall be found 
t.o be such, that it could not in any \vay whatever 
exist so as to be capable of the greatest purity and 
, 
improvement-in other ,voràs, the highest perfec- 
tion-without having undergone a probation; or 
suppose it should be founù impossible to comnlU- 
nicate certain enjoyments to rational and sentient 
beings \vithout having previously subjected thcln 
to certain trials and certain sufferings-as for in- 
stance" the pleasures derived fronl a consciousness 
of perfect security" the certainty that \ve can suffer 
and perish no more-this surely is a possible sup- 
position. Now" to continue the last example- 
\Yhatever pleasure there is in the contrast bet\\reen 
ease and previous yexation or pain" whate\
er en- 
joyment we derive fron1 the feeling of absolute 
securit.y after the re
ation and uncertainty of a pre- 
carious state" irnplies a previous suffering-a pre- 
vious state of precarious enjoyment; and not only 
implies it but necessarily in1plies it, so that the 
power of Omnipotence itself could not convey to us 
the enjoyrnent \vithout. having given us the pre\rious 
suffering. Then is it not possible that the object of 
an all powerful and }Jerfectly bencroleut Being 
should be to create like LeinO's" to ,,,,hon1 as 
o 
entire happines
, as complete and IJcrfect enjoy- 
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111ent" should be giyen as any created beings-that 
is" any being, except the Creator IIimself-can by 
possibility enjoy? This is certainly not only a 
very possible supposition, but it appears to be quite 
consistent with, if it be not a necessary consequence 
of, His being l)erfectly good as well as powerful and 
WIse. N o,v we have shown" therefore, that such 
being supposed the design of Providence, even 
Omnipotence itself could not accon1plish this design" 
as far as one great and important class of enjoy- 
ments is concerned, without the previous existence 
of sorne pain, some misery. "
hatever gratifica- 
tion arises from relief-from contrast-from security 
succeeding anxiety - from restoration of lost 
affections-from renewing sevpred connexions-and 
many others of a like kind, could not by any possi- 
bility be enjoyed unless the correlati'ge suffering had 
first been undergone. N or will the argument be 
at all impeached by observing, that one Being may 
be l11ade to feel the pleasure of ease and security by 
seeing others subjected to sufl:èring a!1d distress; 
for that assumes the infliction of misery on those 
others; it is " alterhls spect.are laborem" that we 
are supposing to be sweet; and this is still par- 
tial e,-il. 
_L\s the whole argument respecting e\'Íl must, from 
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the nature of the question, resohre itself into cither 
a proof of some absolute or mathenlatical necessity 
not to be remoyed by infinite power, or the showing 
1hat some such proof may be possible although we 
have not yet. discovered it, * an illustrat ion nla y 
naturally be expected to be attainable from nlathe- 
n1atical considerations. Thus we ha,.e already ad- 
yerted to the la,v of periodical t irregularities in the 
solar system. Anyone before it ,vas disco,.ered 

eell1ed entitled to expatiate upon the operation of 
the disturbing forces arising from mutual attraction, 
and to charge the system arranged upon the prin- 
ciple of universal gravitation with want of skill, 
nay" with leaùing to inevitable Inischief:-mischief 
or evil of so prodigious an extent. as to exceed in- 
calculably aU t.he instances of evil and of suffering 
which \Ye see around us in this single planet. 
Nevertheless what then appeared so clearly to be a 
defect and an evil" is now well known to be the 
yery absolute perfection of the whole hea\.enly 
architecture. 
Again" we may derive a sin1Ïlar illustration fronl 


'" This propos,ition has been overlooked hy many l'easonen:, as 
we have sel'n above; yet is manifestly true. 
t These derangements are also calletl seclllm' to di8tinguish 
them from others which aTe termed rerivdi';i1I. But in the ,'iew 
of our argument both are of a periodical kind. 
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a n1uch n10re lilnited instance" but one in1n1ediately 
connected with strict mathen1atical reasoning, and 
founded altogether in the nature of necessary truth. 
The problem has heen soh-cd by mathematicians" 
Sir Isaac Newton ha\-ing first investigated it" of 
finding the form of a symlnetrical solid" or solid of 
revolution" which in moving through a fluid shall 
experience the least possible resistance; in other 
\yorùs" of finding the form that must be ilnpressed 
upon any given bulk of matter, so that it shall 
1110Ve nlore easily through a surrounding fluid than 
if it had any other conceivable form whatever" with 
a breadth or a length also gÎ\.en. The. figure 
bears a striking resemblance to that of a fish. 
Now SU}1pOSe a fish were formed exactly in this 
shape" and that some aniulal endoweù with reason 
were placed upon a portion of its surface" and able 
to trace its form for only a limited extent" say at 
the narrow part, where the broad portion or end of 
the moving body was opposed, or seemed as if it 
were opposed, to the surrounding fluid when the 
fish moved-the reasoner would at once conclude 
that the contrivance of the fish's form was very 
inconvenient and inart.ificial, and that nothinO' 
o 
could be much worse adapted for expeditious or 
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easy movement through the waters. Yet it is cer- 
tain that upon being afterwards permitted to view 
THE WHOLE body of the fish" what had sepmed a 
defect and an evn., not only ,vould appear plainly 
to be none at all, but it would appear manifest that 
this seeming evil or defect ,vas a part of the most 
perfect and excellent structure, which it ,vas pos- 
sible even for Omnipotence and Olnniscience to 
have adopted
 and that no other conceivable 
arrangement could by possibility have produced so 
much advantage, or tended so much to fulfil the 
design in view. Previous to being enlightened by 
such an enlarged vie,v of the whole facts" it would 
thus be a rash and unphilosophical thing in the 
reasoner 'v hose existence we are supposing to pro- 
nounce an unfavourable opinion. Still more un- 
,vise would it be if numerous other observations 
had evinced traces of skin and goodness in the 
fish's structure. The 4-rue and the safe conclusion 
,,'ould be to suspend an opinion ,,,hich could only 
be unsatisfactorily formed upon in1perfect data; 
and to rest in the humble hope and belief that 
one day all would appear for the best.* 


$ See furth
r illustrations of these remark
 under the head of 
Researche8 em Fossil Osteology, sub fin. 
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THIS subject is deserving of attention, because the 
facts are curious, and the appearances are attended 
with much difficulty to the theological inquirer. 
But it belongs properly to the general head of evil, 
or apparent evil and iluperfection. Nor is there any 
reason to expect that we shall erer" in the present 
lin1Ìted state of our faculties, and while placed in a 
narrow and bounded state of existence" be able to 
penetrate the obscurity which surrounds the question 
upon every side. 
,\Yhen the expression conflicting instincts is 
emp]oyed" it does not so nluch denote instincts 
conflicting in the saUIe nature, for exampJe in the 
EaU1e aninlal or tribe of aninlals" as that the instinct 
with which one is endowed appears to be given it 
for the purpose of counteracting, thwarting" frus- 
E3 
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trating, or eyading SOlue other instinct bestowed 
upon another anill1al. Thus the contri\-ances by 
which one tribe endea\Tours to seize another and 
n1ake prey of it are in conflict with those ùy which 
the latter endeavour to defend thenlselves or to 
escape_ The sepia" or cuttle-fish, voids a black 
liquid, which prevents another fish from finding it 
or continuing its pursuit. The woodpecker is led 
to strike its long bin violently into branches where 
certain insects lie illstincti\-ely concealing thenlseh-es 
to escape destruction. Certain birds build their 
nests so as to a\Toid the reptiles which swann 
around" and have the natural appetite to feed upon 
those birds. This, however" lnay be referreù to 
reasoning on the one hand and mere appetite on 
the other. But animals that prey upon others are 
led by undoubted instinct to seek the places where 
they are to be found, and to breed at the seasons 
'when they are" in consequence of other instincts" 
produced" so as to b
come the food of the former. 
SOine animals seem made" or at least provided, 
with appetites on purpose to devour the enlbryos of 
others or pre\Tent their increase. 'rhus, some fish 
feed on the spawn of others" and the ichneulllon 
feeds upon the eggs of the crocodile. 
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.Akin to such conflictiuO' instincts, or rather forin- 
o 
ing the physical, as these compose the mental, class" 
are contri,"ances of a kind apparently designed one 
to counteract the other. This is particularly obser- 
yable in the structure of animals as taken in con- 
nexion with their habits. Thus, some beasts of prey 
are formed for running down" some for springing 
upon, other animals, which" on their part, are IJro- 
yided with forlllS that favour their escape. The 
lion and tiger have vertebræ connected with their 
ribs and with each other, so as to facilitate by a 
lateral mobility their crawling and leaping. On 
the other hand, the spine of deer and hares" anù 
other defenceless animals" haye the ycrtebræ so con- 
trÏred as to facilitate their escape" and the eyes so 
placed as to warn them of attacks from behind, and 
from the sides, as well as in front. The serpent's 
backbone is a singular and a beautiful structure. 
It has three or four tinles the usual nunlber of joints" 
and they pia y 011 one another like ball and 
socket. rrhe poison too of the few yenomous 
species is curiou
ly secreted in a bag placed be- 
neat h a nloveable tooth, which is perforated with a 
tubp or duct that terminates in the poison sac" and 
is continued to the sharp point on the other end, f\O 
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that when the animal bites, the tooth, pressing on 
the sac, makes the poison squirt through the duct 
of the tooth into the ,vound made by its l)oint. 
No nlore striking proof of design can be given than 
this. Then the rattle in the tail of the most. deadly 
of the tribe gives ,,'arning to keep out of its way, and 
thus as it 'were prevent the machinery of destruction 
fronl being of any use to the aninlal, unless, perhaps, 
as a ,veapon of defence, ,,,hen he is attacked by some 
one that disregards the warning. Again, bird
 are 
furnished with a defence or shield to protect their 
eyes in flying through the thickets. They are also 
furnished with a power of contracting their eye
, so 
as to adjust them to the distances of various objects. 
But birds of prey have a peculiar mechanism for 
this purpose. Their eye is provided with a kind of 
muscle" loop like, which enables thelTI to compress 
t he lens so as to adjust it for descrying objects at a 
vast distance" acting like the slide of a. telescope, 
and used to effect the same purpose, that is to suit 
the focus of the eye. K ow this can be of no use 
exef'pting as a Ineans of attack and destruction; 
for the adjustnlent to near distances can alone help 
the anilllal to defpnd itself. On the other hand" 
\veak l}irds are (urni
hed with many inlportant 
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means of escaping from their more powerful ene- 
mIes. Similar observations may be Dlade upon 
the structure and habits of fishes. Thus the sword- 
fish is provided with a most powerful weapon and 
,vith great muscular strength to use it. He attacks 
the 'whale, which imnlediately, and by a special 
instinct, dives into so deep water, that the sword- 
fish, being wholly unable to bear the pressure" is 
forced to quit his hold. This pressure produces no 
inconvenience to the whale" whose structure is 
formed to bear it with perfect ease. 
The vis medicaf1'ix, in all its branches, affords 
striking exalnples of the san
e conflict. For ,vhile 
the animal body is exposed to injury from its for- 
nlation, the qualities of its component parts, and the 
properties of other bodies, and while it is also ex- 
posed to injury from disease, there is bestowed 
upon it a power of not only resisting and avoiding 
those injuries, but also of repairing them after they 
ha\-e been inflicted. Thus the eye is so fixed in the 
socket and so protected by the eyelashes and the 
eyebrow, that irritating particles do not easily reach 
its ìt:
nder surface, or perhaps we should rather say, 
the tender and sensiti "ge parts surrounding it. But 
if anything does fix upon it, there is provided a 
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sudden and copious secretion of watery fluid" which 
sheathes the parts attacked, and tends to wash away 
or expel the foreign substance that has intruded 
it
elf. So new bone and new flesh are produced to 
supply any void n1acle by accidents, and to make 
the scyered parts knit again and heal. In like 
D1anner, when an extraneous substance has, by the 
laws of nlatter and motion, been int.roduced into any 
linlb" or into the cavities of the body, and cannot be 
removed, a new fornlation of flesh, or cartilage, or 
bone, according to the place where it is imbedded" 
takes place, and co,'crs it over" so as to defend the 
aùjacent parts and enable the system to be continued 
in its operation
. Again, where a ùisease attacks 
the frame according to the properties of the system 
on the one hand, and the qualities of infection or 
other noxious effluvia on the other hanù, the systen1 
is thrown into a state which l)roduces a sudden and 
often violent effort to thro\v off the n1Ïschief; or if 
this fails, then other efforts are nlade to resist and 
to renledy the dalnage sustained, and to restore 
healt h. 
 
A 11 these conflicts and inconsistencies belong to 


+ The illustrations of des:gl1 òrawn from the operation of the 
Pis 
[cclicatrix fOl'm the subject of a separate nute. 
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the general head of iUlperfection, or of evil. 1'hey 
al e nlerel yother cases of what we have spctified 
with various views in the argulllent upon that great 
question. They fall altogether within the scope of 
that argulllent; therefore they require no separ
lte 
discu:5sion in this place. It. is quite evident that we 
have no nlore right to regard a conflict of contri- 
vances as any real inconsistency in reference to the 
whole design which is concealed frolll us" than we 
have to regard any part as fonned without nleaning 
and use" because we have not discovered its use. 
\Ye cannot say that one part of a machine counter- 
acts another part" unless we can perceire distinctly 
what the Pur110se of the whole mechanism is. The 
apparent opposition luay be necessary for accom- 
plishing that purpose: as the friction of one wheel 
upon another is necessary to the action of both, or 
the counteraction of one lever by another to the 
ll10tion of the whole. 
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Two opinions have principally lJeen held upon 
this subject, and have divided metaphysical theo- 
logians, though without giving rise to any very great 
yehenlence of controversy. The one class have 
nlaintained that tbe Deity is everywhere present in 
His person, substance" or essence; this is termed the 
doctrine of Essential Ubiquity, to distinguish it from 
that of VÙ.tual Ubiquity, held by the other class" 
\vho have maintained that presence in place cannot 
lJC predicated of nlÏnd at all, still less of the in- 
finite nlind, which only acts everywhere ùy its 
po\ver. A very obscure and itnperfect notion has 
prevaileù with some, chieAy of the ancient sect
, as 
if universal matter or infinite space were constituted 
by the Deity's essence; but this would plainly make 
Him divisible" and indeed material. The ancient 
idea of His being the universal soul, the anÙna 
mundi, related to the world as the soul to the body, 
is equally unfounded, though approaching more to 
Essential Ubiquity. 



DOCTRINE OF UBIQUITY. 


89 


The opinions of the ancients upon this great and 
difficult question were not" perhaps" materially dif- 
ferent from the first of these doctrines. According 
to Cicero (De Nat. Dpol'" lib. i.), Pythagoras taught 
,c Deum esse animum per naturaUI rerum omnium 
intentum et commeantem." And in his treat.ise 
De Legg. (lib. ii.) he says that Thales of l\Iiletus 
first laid down the well-known position, " Deoruul 
onlnia esse plena." The passage in Seneca (De 
Benef lib. i\T.) is also worthy of notice, as containing 
the doctrine in tern1S : "Quocunque te flexeris ibi 
Deunl videbis occurrentem tibi. l\ihil ab illo vacat. 
Opus suum ipse implet." And again in Epist. 15" 
"Ubique et omnibus preest." 
Among the moderns, the follo\vers of Socinus 
are those ,vho have most strenuously denied the 
essential ubiquity; and nothing can be more in- 
conclusÎ\-e than their reasonings against it. \,y'hen 
they urge, for example" that this 'would degrade 
the nature of the Deity by supposing Him to in- 
habit vile and inlpure places, the an
wer of Dr. 
Hancock (Boyle Lecture" II. 222.) is decisive, 
that this supposes Him of an inferior and anilnal 
nature; and that indeed the whole argunlpnt sa- 
yours of anthropomorphitism. They maintain that 
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He resides in heaven" but that by His power He is 
felt ercryw here" or has a potential and virtual 
ubiquity only. But first, ho\v ha,"e ,ve any right to 
. 
confine His being, as if lIe ,vere a human or other 
finite existence, to one place" and 110t Dlake the 
whole unÍ\"erse and all space, even as yet unfilled 
,vith any creature, His residence? Seconùly, ho,v 
can "
e conceive I-lim preserving and upholding 
and directing where He is not? It is inconcei,
able 
to our nlinds how power, or any other thing or 
influence" can act at a distance. It l11ust further be 
observed that the Socinians, ,vho hold the doctrine 
of a finite spirit, have quite as great a difficulty to 
contend with as that imputed by then1 to the 
Essential Ubiquity; for theirs is at the least as 
hard to conceire. 
That S1. Paul adopted the principle of Essential 
Ubiquity is evident from what he says both in Acts 
xvii. and in Heb. i. In the former passage he 
says, "In Him we li'ge, and mO'ge" and ha,.e our 
being;" in the latter" "He upholds all things by the 
word of His po".er." So a passage fron1 Jerenliah 
xxiii., referred to by Sir I. Newton" "Am I a God 
at hand" saith the Lord, and not a God afar off? 
Do not I fill heaven and earth ?" 
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The reasoning of Bishop Law upon this subject 
is certainly by no Dleans satisfactory. I t occurs in 
the seventh note to chapter 1. s. 2; but chiefly in 
Relllark 4 to the third section of that chapter. In 
answer to Dr. Clarke's position (Reply to Leibnitz)" 
that space is the place of aU ideas, the bishop 
says, that to conceive an imlllaterial thinking sub- 
stance in any connexiou with the ideas of space is 
impossible. He adds, that space and 5pirit are "as 
distant and incompatible as the 1110st remote and 
inconsistent things in nature;" and then obserres" 
"that an extended soul seems just such another 
thing as a green sound, an ell of consciousness, or 
a cube of yirtue." \Vhen Dr. Clarke, adnlitting 
that extension cannot belong to thought, says that 
'Thought is not Being, the bishop argues against this 
difference, and, because we only know Being by its 
thoughts, contends that Being is an aggregate of 
its properties. \Yhen he conIes to the quest.ion of 
ubiquity in the Renlarks, he says that the notion of 
the Deity's 11resence in His simple esscnce in e\-ery 
11art of the boundless inlmensity, cannot be include{l 
in the idea of Olnnipresence, because any idea of 
extension or expansion is inconsistent with that 
sÎ1nple essence. But he guards hinlself against 
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being supposed to maintain that there is any sepa- 
ration of the attributes from the essence, or that his 
knowledge and power act apart from his essence; 
nay, he holds that his essence has no lnore relation 
to space than those attributes have. He then quotes 
\vith commendation the remarks of Episcopius 
(Tlteolog. Inst.), that the iàea of space without 
matter to fill it is "nihil omninò reale, sed pure 
pute imaginarium et prorsus nihilun1;" and that the 
very idea of p'resence-of being in-implies some 
reality. And the bishop then goes on to nlaintain 
that the Deity knows and acts upon aU IJarts of 
t be universe, as we know from the effects; but that 
to speak of His acting in extra-mundane space is 
incomprehensible, and that it is no leês so to speak 
of His actual presence in any part or parts of ex- 
tension, except it be metaphorically, as eternal 
truths are said to be the same in all times and 
places" though they really have no relation to either. 
In like manner he disposes of the position, that 
nothing can act where it is not, as applied to divine 
power, by urging that this is still supposing spirit 
to exist somewhf're or to be circumscribed by some 
})arts of space, contrary, as he thinks, to the very 
nature of spirit as distinguished from matter. 
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It D1ust be allowed that this is by no means a 
satisfactory stateDlent of the question" and is \.ery 
far from disproving the Essential Ubiquity, whieh 
it seeD1S to deny, although not, perhaps, directly 
or in very express terD1S. The assumption pervades 
the whole reasoning" that because a finite mind can 
have no relation to matter in its essence, but is 
only united with a being" therefore the infinite 
n1Ïncl cannot also comprehend all matter" or at least 
unite within itself any given number of material 
qualities" as wen as all nlental qualities, in their 
perfection. 1\ or is it shown to be at all inconsistent 
with the nature of such a Dlind, that it may not 
exist essentially as well as virtually or potentially 
where no D1atter is. Episcopius's argument" founded 
on the necessity of presence" as if it was existing 
or being in sOluething, is l)lainl y erroneous, for it 
SUl)poses that when any being or any mind is 
affirmed to be present in any place, it is therefore 
bounded by, or attachpd to the things in that place; 
whereas the doctrine of Essential Ubiquity assumes 
that" although present in any giyen place, the Deity 
is also and at the same time not confined to that 
place, hut present everywhere else. Then to speak 
of Es::;ential Ubiquity as il1con1prehensible" proves 
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little" unless Virtual Ubiquity be shown to be less 
incolnprehensible. The subject is altogether of so 
high and obscure a nature" that whoe\-er ventures 
to contemplate it" must adn1it the inadequacy of 
human re:lson or human in1agination to form any 
clear ideas respecting it. But a Being acting where 
he is not seems of all notions the least conceivable; 
indeed we seeln to be rather the dupes of language 
in so speaking, and to be putting together ,vords 
,vithout any very distinct meaning annexed to them. 
The greatest force of authority" in weight as well 
as in nunlber, is certainly in favour of Essential 
ITbiquity. Son1e philosophers" as Descartes" have 
oyerlookcd the subject a1together; otbers, as Paley, 
have considered that natural theology is silent upon 
the subject. Sir Isaac Newton perelnptorily, and in 
tern1S of peculiar eloquence and force" declares for 
Esse
tial Ubiquity, in that part of the celebrated ge- 
neral scholiun1" in which he sums up the divine qua- 
lities and On1nipresence among the rest (contrary to 
Paley's hasty assertion),as legitimate inferences from 
the })henomena of nature" and a branch of natural 
philosophy. "Deus est unns et idem Deus selllper 
et ubique. On1nipræsens est" non per t'irtutelll 
solan1, sed etiam per 8ubstantiam: nanl virtus sine 
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substantiâ subsistere non pot est. In ipso conti- 
nentur et moventur universa" sed sine mutuâ 
Fassione. Deus nihil patitur ex corporum motihus; 
ilIa nullam sentiunt resistentianl ex Omnipræsentiâ 
Dei. Deum summum necessario existere in con- 
fesso est; et eåd('m necessitate Se111}Jer est et 
ubique." The whole of this great passage con- 
chides thus" " Et hæc de Deo" de quo utique ex 
phenomenis disserere, ad philosophiam naturalen1 
})ertinet." -(Principia, lib. iii. Schol. Gen. sub 
fin. . 
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l\Iany arguments ha,-e been held upon this sub- 
ject both in ancient and modern times; but chiefly 
in D1odern; because the ancient sects." generally 
speaking" held that a future state consisted in the 
inullortality of the soul only" and that matter was 
essentially and necessarily subject to decay and dis- 
solution. Indeed" they for the most part Jin1Íted the 
Deity's power to n10ulding and nloving matter, but 
conceived that matter \vas eternal like the Deity" 
and that it had certain fundan1ental q llalities, as 
corruptibility, \vhich no !)ower could alter. l\lore- 
oyer" many of those philosophers held that all 
D1inds being ema'lations from the di,-ine mind" 
would ultimately be reunited with it. So that the 
surviving in any state of individual existence, or 
what \\Te should consider as .any real iUllnortality 
of the soul" any true future state of beings who had 
lived in this world" could hardly be said to be the 
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Lelief of those inquirers. * Others, no doubt, be- 
lieved in such a future state as approaches nearer 
to our own ideas; but very few considered the Re- 
surrection of the Body as the 1110de ill which our 
existence is to be continued. 
AlTIOng these few appear to have been the Stoics; 
for Lact.antius cites a passage from Chrysippus, 
". hich shows that they considered it clear that there 
was nothing inlpossible in the resurrection of the 
body-ð'
^oV 
f oúð'í:V dð'úVCGTOV d7fKaTtXVafJT'1Júéú9CGI. 
The precision with which the Christian revelation 
dwells upon this appears to ha\-e been rendered 
highly desirable, if not necessary, by the preva- 
lence of the notion anlong such as did not doubt of 
a future state, that it was to consist only of a re- 
union with the essence of the Deity, or a confusion 
with the anima mUlldi" as some expressed it. But 
$ It is worthy 
 of remark that the ancient doctrine of Emanation 
from the Deity and reunion with Him, is the helief of the rudest 
and simplest, as it was of the most civilized men. The inha
itants 
of the South Sea J
lands b
lieve ill a future state of this kind; 
anll the only lJUnishmellt which their self-indulgent notions recog- 
nise is, that which impurity in this worlll may make necessary to 
purify the soul before it is absorbed in the llivine essence. This 
union is, however, according to their iðeas, only temporary; the 
Deity is afterwards to give them a station in eternal twilight, or 
in etemal night, according to their conduct and nature. (Cook's 
Second IÕ!la!J
, i. 164.) 
YOLo II. F 
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some learned Christians have maintained that the 
gospel only states the immortality of the soul, and 
not the rising and immortality of t he body; particu- 
larly a reyerend author (
Ir. Bourne) of a treatise 
upon the true nature of the Christian dVat1Tat1H", 
published about eighty years ago. 
The difficulties thrown by sceptics In the way 
of the Christian doctrine" as comnlonly received, 
have given rise to this and to other theories,,-as the 
speculations of Grotius,,-but these objection
 really 
appear to be without any solid foundation" although 
at first sight plausible enough. 
\Vhen it is said that the same matter going suc- 
cessively to form a great nlany hUlnan bod ies, the 
divine or infinite !)ower itself never can Inake all 
men rise with the same bodies, because it is an 
absolute ilnpossibility that anyone mass of matter 
should be in two places, or belong to two souls, at 
the same time; it is assumed that everyone par- 
ticle of each body i
 to be reunited to e\-ery other, 
and the ,vhole body to the soul. N ow" not only is 
this a nlerely gratuitous assulllption-it is plain 
upon the least consideration, that it is contrary, and 
necessarily contrary" to the very idea of the Resur- 
rection. For the particles of any given body at the 
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time of its death are not at all those of the sanle 
body two or three years before; nor are those which 
c01l1posed it three years before the same with those 
which cOlllposed it six; and thus" if the words Resur- 
rection of the Body be taken literally, not only nlust 
each person rise as he died, but rise with twenty 
or thirty bodies in one, lrhich is manifestly absurd. 
The Christian doctrine is" that lllatter shall be 
united with ll1ind in a future state as it has been in 
this" or at least, that the nlÍnd shall revive or 
be continued with nlatter-with sonle body- 
though how long the union is to endure is nowhere 
said. I t is also a part of the Christian doctrine, that 
the Deity created n1atter and can Inould as well as 
create. Therefore a single particle of the fornler 
body could þe just as easily formed by divine power 
into a whole body resembling the one last united to 
the soul on earth" as He can raise that body or con- 
tinue the existence of the soul. N or will it only be 
similarity-there will be identity; for personal iden- 
tity does not at all depend upon the proportion of 
particles which renlain united with each other; else 
no indi\"idual could feel and believe that he was the 
same one year as another. But unless this or SOllle 
such view as this be taken of the subject., the objection 
F2 
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becomes irresistible. Thoughtless and zealol
s 
persons ha\.e s0111etimes fancied they could over- 
conle it hy saying" that with the Deity all things 
are !)ossible" or, "hich is the same thing, that by 
working a miracle, He can gÍ\'e each soul exactly its 
former body. But those things only are possible 
which inyol \Te no contradictions; anù it is as utter a 
contradiction in ternlS and in ideas to suppose the 
same particles belonging to different bodies and 
different souls at one and the same time, as to sup- 
pose that the whole can be greater than the SU111 of 
all its parts. So, a Dliracle means the suspension of 
the laws of nature, or a deviation from those rules 
prescribed by the divine power. But the giving the 
same part.icles to different bodies and souls at the 
sanle time is not suspending the laws of nature, but 
altering the truths of mathenlatics, \\"hich are 
necessary, clear, and indisputable. In short, the 
.slightest attention to the subject must sho,v that 
the sceptical objection, though futile enough 
"when duly considered and met by the appropriate 
-answer" never can be removed by any such 
answer as those unreflecting persons fancy they are 
giving it, when they only affirm the extent of infi.. 
nite power. 
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The nlost learned and most orthodox divines, 
accordincr]v have taken views sonlewhat similar to 
o .J' 
those here unfolded. Thus Dr. Ibbot, in his 
sernlons (Boyle Lecture" ii.), lays it down as 
clear that there is no kind of necessity for being 
able to detennine whether the raised body shall 
consist of the sanle l)articles as were laid in the 
grave, or the sanle several particles which 'were 
united to the soul during life, or of particles not 
so united, or whether the soul shall not have a body 
consisting of only particles of Dlatter indifferently. 
These differences he holds not to be fundanlental; 
and this he holds because personal identity, the grand 
point, depends not on the body but the mind, that 
is upon llleillory. But he adds that those who ques- 
tion whether we shall rise with any body at all are 
no Christians (p. 775, 6). It. has already been 
remarked, ho"-ever,, that some very pious Chris- 
tians have ventured to call this position in question; 
a1though undoubtedly the great weight of authority 
is against them; and the etytnologiral argnnlents 
all tend the same wa v. 
oJ 
Dr. S. Clarke has argued the question learnedly 
and ingeniously which Grotius raised" in his cele- 
brated treatise} De Veritate Reliaionis Cltristianæ" 
o 
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(ii. 10). Pressed" as it should seem" by the scep- 
tical objection" and assuredly more pressed than he 
ought to have been, this great writer, hardly less 
profound in his theological than his juridical 
\vorks, contended that a constant miracle is going 
on in the human body, to prevent the particles of 
one frame ever becoming parcel of another material 
frame. So that we are called upon to believe 
against all evidence" as ,yell as all probability" that 
no particle whatever of fluid" or solid, or gas, 
which has ever formed a portion of the body of 
any person, can be assimilated when taken into 
the stomach of any other person, or indeed of any 
other animal. Now it is hardly necessary to 
observe that this hypothesis" unlike nlost others 
upon such subjects" is not only wild and extravagant 
beyond all measure" but is capable óf being brought 
to the test of experiment" and is utterly contrary to 
the fact. Any anirr al fed upon the body of a 
human being will be just as well nourished as upon 
any other food" and so there can be no doubt ,vould 
any human being who should indulge in so brutal 
an act of cannibali:;m. But the argument of Dr. 
Clarke is applied to sho\v the groundlessness of the 
supposed objection which had driven Grotius to 
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frame such a theory. He shows" first" that the real 
body which is to be raised up may be the original 
nucleus or st.amina" and all the rest merely a super- 
fluous addition of bone, muscles" and fluids, only 
. 
necessary for earthly purposes. This nucleus" he 
thinks" may very possibly ne\ er undergo any change 
either during life or at death. Secondly, he says that 
there may be some seat of the soul ,yhich may be 
material although insensible" some matter of a very 
refined nature like the seminal principle of plants, 
or seminal aura, and that this may be unalterable 
and indissoluble. 
\Ve may, however" reIn ark" first, that both these 
suppositions are purely gratuitous" and not very 
probable upon physical principles; while one of 
then1, referring to the seminal aura, rests upon an 
exploded hypothesis. Therefore this theory is less 
recommended to us by its own texture than the 
supposition which was made above" while it is just 
as gratuitous. Secondly" there seems no kind of 
reason why ,ve should resort to any hypothesis of 
the kind to answer so absurd a theory as that of 
Grotius; because it being admitted on almost all 
hands that the doctrine of the Resurrection does not 
confine us to the very particles, at any rate to the 
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,,-hole particles of the earthly body" and the power 
of the Deity over nlatter being an admitted part of 
the system" no difficulty can be perceived in con- 
ceiving a body raised" which shall have enough of 
its old parts and a sufficient resemblance to the 
\rhoJe" for preserving personal identity through the 
faculties of the lllind; and that personal identity is 
the great object in yiew throughout the whole 
luqu1ry. 
1'he \yell kno\vn doctrine of St. Paul upon this 
subject is calculated to prevent the error of those 
who insist upon entire physical identity, and to 
show that there must be a change. Indeed it 
might seenl e,.en to justify the supposition of a 
nluch greater change than ,ve hare stated.- H That 
,rhich thou sowest" thou sowest not that body that 
s/lall be."-" God giveth it a body as it hath 
pleased hilU" and to every soul his own body." 
But this is afterwards qualified and explained. 's It 
is sown a natural body; it is raised a spiritual body. 
There is a natural body and there is a spiritual 
body."-" The first man is of the earth" earthy 
the second man is the Lord from Heaven. As is 
the earthy such are they also t.hat are earthy; and 
as is the heavenly such are they also that are 
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heavenly. Anù as we have borne the iluage of the 
eart.hy, we shall also bear the ilnage of the n('a- 
yenly."-" Flesh and blood cannot inherit the king- 
don1 of God; neither doth corruption inherit in- 
corruption." (1 Cor. XY.) 


F3 
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UNDER a former head this interesting subject \vas 
. 
considered as connected with Evils of Imperfection. 
I t furnishes" however" so many striking proofs of 
design, that some further relnarks may be added. 
Some have objected to the expression as grounded 
upon an assun1ption,,-the hypothesis that nature 
acts in each instance for the purpose of remedying 
some mischief ,vhich has been done. But the facts 
are undeniable: a healing p.rocess takes place; a 
remedial effect is }Jroduced; and the expression 
only states the fact. It may b.e added, that the 
power is sometin1es preventive" or prophylactic also. 
Thus the tendency of some poisons taken into the 
stolnach is to induce von1iting, \vhich throws out 
the offensive matter before it can }Jroduce its dele- 
terious effects. Such, perhaps, is also the tendency 
of })rofuse perspirations" to thro'w off a n1alady in 
the first instance, and prevent it from taking hold of 
the systeln. lVhen these preventives fail, the reme- 
dial power is required and comes into action. 
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So convinced have some anatomists been by 
daily observation of a kind of active }Jower per- 
yading and moving the system" that some speak 
of the "ital energies as if thought as ,veIl as life 
could be predicated of the parts of our system. 
The celebrated John Hunter is an example. That 
great and original physiologist, being any ten- 
dency to refining, and as little certainly as anyone 
under the dominion of vulgar prejudices" speaks 
familiarly of limbs and bones acting in disease" or 
when suffering from injuries" as if they had an in- 
tention of inflanling, and knew how. to execute 
it. This habit of expressing himself could only 
have resulted fronl con
tantly observing the exact 
adaptation of natural operations to the uses and 
wants of the system in each occasion" and the exact 
coincidence, in point of time as well as in proportion, 
of the supply with the demand. 
The formation of bony matter when a fracture 
has taken place" and the pieces of the broken bone 
are r{'quired tv be knit together again" has been 
mentioned before" and the \\ hole process is striking 
and instructive. First, blood is poured out into the 
fracture; it coagulates; soon after" ,.ery small or 
capillary bLOod-\.essels shoot into the coagulated 
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blood; the blood disappears; gelatinous matter 
alone remains; this gradually hardens; and bony 
particles are deposited which fin up the break anel 
:knit the bone. \Yhere a dislocation has taken 
p1ace there is no siInilar process; but as soon as the 
luxation is reduced" and the bones are replaced" in 
a very little while all the fine apparatus of the joint 
is restored with wonderfullJerfection, so as sl)eedily 
to obliterate the traces of the mischief. Even where 
. 
the restorative process has pro\-ed inadequate and 
a distortion takes place" as when by SOlne natural 
defect in the firmness of some bones, they sink under 
the pressure of the body" a Hew ,,'eight being thrown 
upon other bones" these are strengthened addi- 
tionally for the purpose of enabling them to Ineet 
the new delnand upon their powers. Thus the leg 
and thigh bones are fortified by additional secre- 
tions of bony nlatter" and these are thrown up on 
the yielding side" and perpendicularly to the line 
of pressure, with as manifest a design of strengthen. 
ing as is shown by those who shore or prop an old 
,,-all. Again, ,vhen after a fracture the bone of the 
linlb i
 set" the ends Inay ov
rlap, and thus t.he 
linlb be shorteneù. 'Vhat. then shall become of 
the muscles which had been of a length to fit the 
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former 8ize of the bone? Those llluscles nnnle- 
diately begin to shorten nluch beyond their original 
natural contraction" and they acquire a power of 
further contraction to suit the altered length of the 
bone. It is as if upon any accident happening to 
one part of a steam-engine" whereby it had changed 
its dimensions, the neighbouring parts, wholly unaf- 
fected by the accident, were of thenlselves to change 
their dimensions or their position, so that their 
action should also be yaried, and varied exact! y to 
suit the alteration in the part affected; t.hus conti- 
nuing the movement of the nlachine" but in a dif- 
ferent adj ustment" and all without any interference 
of the engineer. 
The throwing out of new vessels, or enlarging 
srnaller lateral ones" in order to continue the ci rcu- 
lation where a large or nlaÌn one has been stopped 
up, or cut through, is another exanlple of a kind 
equally striking. But the whole progress of aneu- 
rism affords perhaps the most renlarkable instance 
of any when that progres
 is fully gone t.hrough. 
This, as is well known" is a tumour fornled by 
the partial bursting or giving way of an artery; 
and if the \"es
el be of any considerable size, death 
nlust immediately ensue, but fOI. a process which as 
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immediately takes place. The blood 'which escapes 
on t he rupture of the vessel coagulates and beC'omes 
solid. A kind of temporary plug is thus afforded, 
and time gained for a more durable repair being 
supplied by a more solid 'work being executed. 
Coagulable lymph is formed and thrown out" and 
it soon become
 firm membrane. Layer after layer 
of this is deposited, so that a bandage or coating is 
provided sufficiently strong to resist the continual 
pressure from the impulse of the blood. Thus the 
inflammatory action which ensued npon the rupture 
produces a new substance required for counter- 
acting the effects of that rupture" and enabling the 
artery to continue performing its functions as a 
conduit for carrying the blood to its degtination; 
and this fluid itself supplies the materials with 
,vhich the breach in the conduit used for carrying 
and distributing it is first temporarily plugged and 
then repaired, as if the water in a pipe were to 
secrete" first a sediment or lute to make the channel 
"7atertight" and then different plates of n1eta] and 
braces to mend the pipes wherever its own pres- 
sure had burst them. 
A similar provision is observable where a tumour 
has been formed in any nluscular part of the body. 



It 
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It results from a morbid action of those l)arts; but 
in the progress of the disease a barrier is thrown 
up" likewise formed out of the blood; a hard welt, 
of a firm condensed men1brane, is formed sur- 
rounding the tumour, anel interposed between it 
and the healthy portion of the limb. 
In the case of aneurism, however" there is a still 
more remarkable provision added. The pressure 
must be relie\"ed of the main stream of blood upon 
the channel, which is no longer of sufficient strength 
to resist it. Accordingly blood-vessels" which be- 
fore had hardly been discernible, begin to work 
with new energy, and are eIÙarged in their capacity. 
These run parallel to the artery injured, and con- 
vey the blood so that the requisite supply continues 
to be afforded, but by a ne\v system formed and in 
operation for the relief of the injured channel, as 
soon as its damage has by the first natural opera- 
tion been repaired. \Yhat engineer-what Smeaton" 
or eyen \Vatt himself, e\"er constructed a pipe, such 
that, when it was fractured, it could not only pro- 
vide itself with a plug to stay immediate n1ischief 
and enable the machine to go on, but could also 
pro,-ide splices for a permanent repair; and not 
only that" but could of itself, in1nlediately after the 
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accident, form ne\v conduits and other parts exactly 
fitted to continue the general n1oven1ent" but also 
to afford such relief as the injured l)art required
 
-relief exactly proportioned at once to the anlount 
of the weakness occasioned" and to the extent of 
the service required? And all this without the 
necessity of the engineer himself being once ap- 
})ealed to" or any extraneous aiù called in. I s there 
anything like this in all the works of these great 
men? Is there anything lllore luar\"ellous even 
in the works of the grand Artist himself? Yes- 
for He too made the minds as well as the bodies 
of those men" and the wondrous mechanisll1 of such 
n1inùs as theirs" and those of the Newtons and La 
Places, which proceeded from the same hand" in- 
cOlnparably surpasses all the marvels of their bodily 
structure. 



A
ALYTICAL VIE\'" 


OF THE 


RESEARCIIES O
 FOSSIL OSTEOLOGY, 


AND 


THEIR APPLICATIO
 TO l'AT{jRAL THEOLOGY. 


THE great work of Cuvier stands among t.hose rare 
monuments of human genius and labour" of which 
each department of exertion can scarcely ever fur- 
nish more than one, eminent therefore abo,-e all the 
other efforts made in the same kind. In the 
stricter sciences the "Principia" of Newton, and 
in later times its continuation and extension in 
Laplace's "l\Iécanique Céleste,,"-in intellectual 
philosophy, Locke's celebrated work,-in oratory" 
Demosthenes,-in poetry" Homer,,-* leave all com- 


* If English Law were not a local learning mer
ly, Fearne's 
work on Contingent R
mainders would perhaps deserve to be thus 
ranked. In the eloquence ofthe pulpit, Hall comes nearer l\Iassillon 
than either Cicero does, or Æschines, to Demosthenes. 



'! 


114 


}i"OSSIL OSTEOLOGY. 


petitors behind by the common consent of mankind; 
and Cnvier's Researches on Fossil Osteology will 
probably be reckoned to prefer an equal clainl to dis- 
tinction among the '\vorks on Comparative Anatomy. 
That this great performance deserves to be atten- 
tively studied there can be no doubt. But as its 
bulk" in seven quarto volumes" may be apt to 
scare many readers" there may be sonle use In 
giving a general account of the progress of the 
author's inquiries" and of the principal results to 
\vhich they led him, and more particularly in 
showing their application to Natural Theology. 
Long before his attention was called to the 
remains of animals found in various strata of the 
earth, in more superficial situations, in crevices of 
rocks" and in caves" he had, fortunately for 
science" been a skilful proficient in anatomy" both 
human and comparative. But the first steps of his 
inquiries concerning those fossil remains showed 
him ho\v much he had yet to do before he could 
implicitly trust the received accounts of the ani.mal 
structures. As regards the human subject, for 
obvious reasons" the kno\vledge possessed, and 
..\vhich the ordinary works of anatomy contain, is 
accurate. enough and sufficiently nlinute. But it is 
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far otherwise with the structure of other animals, 
and especially as regards thei r Osteology. Of this 
Cuvier found so many instances" that he began his 
investigations ,,-ith examining Ininutely and tho- 
r
ughly the bones of all those species which" or the 
resemblances of which" were supposed to have fur- 
nished the materials of the great deposits of fossil 
bones so abundant in alnlost every part of our 
globe. This" then" ,vas the course which he inya- 
riably pursued; and he never attempted to draw 
any inferences respecting the fossil animal, until he 
had accurately ascertained the whole Osteology of 
the living species. There was obviously no other 
way of excluding mere fancy and gratuitous 
a Q s111uption from the inquiry, and making the 
science" of which he was really to lay the very 
foundation" one of pure reasoning from actual 
observation" in other words" one of strict induction. 
In the course of his work there are to be found 
striking examples of th
 mistakes into 'which for- 
mer inquirers had been led by neglef'ting this pre- 
caution. Partly by relying on incorrect, though 
general1y received" descriptions,-partly by under- 
valuing the requisite comparisons of the fossil with 
the known bones,,-partly, no doubt, by giving loose 
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to fancy" observing the rell1ains discorered with the 
bias of a preconcei,-ed opinion" and making the fact 
bend to a theory-authors had CODullitted the 
1110St griev'ous errors, hastened to conclusions 
'wholly unwarranted by the facts" and often drawn 
inferences ,yhich the facts themselves negatived 
instead of supporting. Thus 1\1. Faujas de St. 
Fond" a geologist of great learning and experience, 
but ,vho had upon a very scanty foundation 
erected a dogma, that all the fossil ren1ains be- 
longed to anin1als still found alive in different parts 
of the earth, and set himself to deny the novelty of 
all the fossil species of unknown anin1als, con- 
ceived that he had at length himself found aDlong 
those remains two animals which, if they stilL 
existed at all" could only be found in the interior 
and relllote parts of India. Of t.h
se supposed dis- - 
coveries he published the drawings, representing 
two fossil heads. Rut Cuvier" upon examination, 
found one of thenl to be exactly the auroch or 
bison" and the other the coml11on ox. * A D10re 
skilfull1aturalist" Daubenton" describes three sets of 
fossil teeth" in the King of France's cabinet, as be- 
longing to the hippopotanlus ; and upon examination 


'" Recherches, vol. i,.. p. 108. 
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two of these sets are found to be teeth oft\\"o new and 
unknown animals" * al
d the third alone those of the 
river horse; and Camper, one of the greatest anato- 
Iuists of his age
 fell into a sin1Ìlar error. Upon the 
discovery of some fossil bones in the Duchy of 
Gotha" there was a general belief that they ,vere 
SOllie lusus natu1'æ, and several 111edical 111en wrote 
tracts to prove it. But a nearer inspection proved 
them to be elephants' bones. t The town of Lucern 
took in earlier times for the supporters to its arnlS 
a giant" from the opinion pronounced by a very ce.. 
lebrated physician (Felix Plata), that the bones 
discovereù in that canton were hunlan and gigantic, 
though Blumenbach afterwards examined them, 
and found they belonged to the elephant. Finally, 
Scheutzer maintained that there were remains in 
different places of lllen who had perished in the 
general deluge" and supported his opinion by 
several instances to which he referreù. Upon exa- 
Iuination these have proved to be none of thenl 
human bones; but one set are those of a water 
salanlander" while another belong to a newly-dis- 
covered animal still less resembling our species" 


* Recherches, vol. i. 1'. 305. 


t lb. p. 120. 
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being something between a lizard and a fish. * 
\Vhen professional anatolnists and professed natu- 
ralists could fall into such ll1istakes as these, there 
is little ,yonder that a statesman like J.\tIr. J effer- 
son" however illustrious for higher qualities, should 
con1mit a siluilar blunder. He dre\v from the 
fossil bones discovered by General "T ashington 
near his seat in Virginia, and to ,vhich his attention 
,vas directed by that great man" the conclusion 
that they belonged to an enormous carnivorous 
animal, which he named the Megalonyx. Cuvier, 
from a n10re correct exau1ination" showed the crea- 
ture to have beeD a sloth of large dimensions", and 
which fed wholly upon the roots of plants. 
If these examples, anù they might be very greatly 
multiplied, evince the necessity of a cautious exami- 
nation, and of a previous attention to the Osteology 
of animals ,vith which \ve are fully acquainted, the 
success of Cuvier's inquiries also sho"'"s that, with 
due care and circün1spection" the reward of the 
inquirer is sure. The connexion between the dif- 
ferent parts of the anin1al fran1e is so fixed and 
certain, and the species run so little into one an- 
* Recherches, vol. v. pp.433 and 451. 
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other" that it requires but a snlall portion of any 
étnÏ1nal's remains to indicate its nature" and ascer- 
tain the class to which it belongs. Each small 
portion" so it be superficial" of bone-each little 
bony eminence-has its distinctive character in each 
species; and from one of these" or sometimes fronl 
a piece of horn, or of hoof" or a tooth, the whole 
anilllal may be determined. "If," says Cuvier, "you 
have but the extremity of a bone well preserved, you 
n1ay by attention, consideration" and the aid of the 
resources which analogy furnishes to skill" detennine 
all the rest quite as well as if you had the entire 
skeleton subn1itted to you."* Before placing entire re- 
liance on such an induction, this great observer tried 
Dlany experinlents on fragn1ent
 of the bones of 
known aniInals" and with a success so unvaried as 
ga,.e hinl naturally inlplicit confidence in his 11lethod 
when he came to examine Fossil Relnains. 
Anlong those he disco,-ered a number of aninlals 
wholly unknown" and of which no individuals 
have existed since the period when the au- 
thentic history of our globe and its inhabitants has 
been recorded. Out of the 150 which he inves 


11& Recherches, vol. i. p. j2. \Ve havc used the expression skele- 
ton; the author says animal, but manifestly, from what follows, 
this is incorrect. 
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tigated about 90 \vere either of ne\v orders" or of 
ne\v genera" or ne\V species of genera still living on 
the earth. Considered in respect to genera, there 
,,-ere in the 49 unknown species" 27 which belonged 
to unknown genera" and these genera amounted to 
seyeu. Of the remaining 22, 16 belonged to known 
genera or sub-genera; the total number of genera 
and sub-genera, to which he could reduce the whole 
of his fossil species, known or unknown, being 36. 
I t must, however" be aùded" that it is very pos- 
sible the reInaining 60 also lllay be of new spe- 
cies; for as he only had the bones to examine, it 
does by no nleans follow that the living anin1al did not 
differ as much from the ones which have the sanle 
Osteology, as the mule" or th
 ass, or the zebra do 
from the horse" the jackall f"om t.he dog, or the ,volf 
from the fox; for the skeletons of a zebra, an ass, 
and a horse, present the san1e appearance to the 
osteologist; so do tpose of the jackall" the dog, the 
fox, and the wolf; and yet the san1e bones clothed 
with llluscle" cartilage, skin, and hair" are both to 
the common observer and to the naturalist allinlals 
of a different species or subdivision. This consi- 
deration is to be taken into the account as a deduc- 
tion or abaten1el1t from the certainty 'v hich attenGS 
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these researches; the certainty is only within cer- 
tain lin1Ïts; the fossil anio1als which now appear 
to resemble one another, because their Osteology is 
the sanlC, may ha,.e differed widely when lh-ing; 
those which appear to ha'"e been of the same class 
with other animals that yet people the earth, rnay 
yet have been extremely different; and those which 
now seenl to be in certain particulars different froIlI 
any we or our predece
sors have ever known, l1lay 
differ fronl all that live or have lived on thc earth 
we now inhabit, in many }1articulars far lllore 
striking than the ,-arieties which their bony re- 
mains l)resent to the osteologist's eye. * 
Tlw situations in whi
h those remains were found, 
and are still to be met with in greater or less 
abundance, are ,"arious; but they may ùe reduced 
to three classes in one respect and to fonr In 
another: to three, if we regard only the kinll of 
l)lace where the bones are collected and 1ound, III 
other words their mineral n1atrix; to four, if we 
regard the periods at ,,-hich the earthy forrnations 
were effected, and the bones of animals livinO" then, or 
o 
inlnlediate1y before, were deposited. In the fortner 
point of view, the remains are found either, first, 
* 'Ir. C. once or twice adverts to this consiòeration; but he 
certainly tIoes not bring it so prom:nently forward as would have 
becn desirable. 
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im bedded In strata, at greater or less depth, and 
of various kinds, and at various inclinations ;-01'" 
secondly, mixed together, and with earthy matter" 
In caves, and in rents or fissures or breaches 
forn1ed in rocks ;-01'" tlârdly, scattered 1110re 
sparingly" and as it were, solitarily in alluvial soil 
or superficial detritus, in portions of the earth, ap- 
parently while it ,,'ore its })resent form" and was 
peopled by all or n10st of its present inhabitants. 
I n the latter, and the more in1portant point of vie\y" 
those remains are either found" first
 in the beds 
'which were deposited by the waters of a ,,-orld before 
the existence of either human beings or the greater 
number of living genera of animals-as in the copper 
slate of Thuringia, the lias of England" the clay 
of Honfleur, and the chalk-in these strata the 
remains of reptiles are found with extinct species 
of marine shells, but no vertebrated animal higher 
than fishes ;-01', secondly" in the strata deposited 
by the sea, after it had destroyed the first races, 
and covered the land they Jived upon,,-and in these 
beds, which at Paris lie on the chalk, are to be 
found only animals now extinct, anù of which n10st 
of the genera and all the species differ fi"OBI any 
we now see ;-or" thirdly, in the strata deposited 
by the sea" or in fresh-water lakes,,-ancl in these 
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later tertiary beds are to be found anil11als no,v 
unknown, but resembling the present races, being 
different species of the saUle genera, or appa- 
rently of families still living, but not now in- 
habiting the saIne countries, or living under the 
sanle climates ;-01', JO'll1.tldy, in places where 
rh-ers" lakes, n1orasses, turf-bog
, ha\-e buried the 
ren1ains of existing species; and as these changes 
of a linlited extent ha\-e halJpened to the globe, 
constituted as it still is" those aninlals appear to 
have been for the nlost part identical with the 
aninlals which we still see ali,-e in yarious parts 
of the world, at least as far as their skelelons can 
tell. 
Paris is the centre of a 1110st extraordinary geo- 
logical district. It is a basin of twenty leagues" 
between fifty and sixty English 11liles, in diameter, 
extending in a yery irregular forD1 frol11 the Oise 
uear COll1piegne on the north, to the Canal de Lory" 
beyond F'ontainebleau on the south, and froln 

Iantes on the Seine upon the ,,'pst, to :\Iont- 
mirail on the east; con1prehending within itg circuit 
the towns of Paris" Versailles, Fontainebleau, Es- 
tanlpes" l\leaux" 
Ielun, Senli
, "S angis" and 
con1Ïng close to Soissons" Gisors, Beauvai:-;, 
Ion- 
02 
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tereau on the 1" onne, K ogent 011 the Seine, and 
Condé; but not being continuous within thes
 
linlits, for it is freq t1ently cut off in islands, and c\-err- 
. 
 
,,,here towards the outline deeply indented with bays. 
This vast basin consists of six different fornlations, 
in l}art calcareous, but in sonle of which gypsunI 
is so IJlentiful, that the quarries dug in it go by the 
con1111011 nall1e of the Plaster of Paris quarries, and 
indeed gypsunl has derived its conUllon nanle from 
thes<? The lowest beel upon the chalk is C0111posed 
of plastic clay, and it has coyereù both the plains and 
the cares of the district. This be'd is fun of fossil 
remains, very tuany of them belonging to unkno\yn 
aniluals, anù it also contains fragments of rock, 
which ha\-e COl1le fron1 a great distance. l\bo\-e 
this bed is a layer of gritty limestone and shelly 
O'rit, of salt-water fOlïnation. Then conle in suc- 
ð 
cession, silicious lil'uestone, fresh-water gypSUlll, and 
sand anù grit witbollt Shèl1S. The fourth fornlation 
is sandy, and of marine origin. The fifth has fresh. 
water remains and anin1als. The disposition of the 
]and around and forming this Basin wears in all re- 
sppcts the appearance of having been brokcn in upon 
and hol1owed out by a prodigious irruption of water 
fron1 the south-east. Considerab
e corrections have 
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SInce been nlade, especially as regards the spcon<l 
and third of these formations of Cu,-ier. 
It appears that the base or Lottom of the 
Paris Ba3ill nlust haye teen ol'iginaHy co\-ered 
with the sea" Different rarts of the ground 
were then corerecl with fresh-water lakes, frolll 
which gypSU111 and lnarl were deposited, lilleù 
with the hones of anin1als that li\7ed on their banks 
or in their iblands, and died in the l
O'U
e of 
nature. After this deposition" the sea again occu- 
pied the ground, and deposited sand nlÍxed w lth 
shells; anù when it left tht' land dry for the la
t 
time, there were for a long ,,-hile ponds and 
11lar
hes oyer the greater IJart of the surt
lce" which 
thus became corered with 
trata coutctining fresh- 
water shells, the base of those strata <:'on:sistinc-r of 
o 
a }1eculiar stone found in fresh wate.., and occurring 
in many parts of France. 'fhe fossil relllains 
in this great basin exhibit little ,"ariety of falnili('s; 
and the ,.egetable reluains sIlow tÌJat the plants 
were confined to pahns and a few others now 
unknown in Europe. A3 the great rOlltillents, 
\\ hich offer a free C0l11111Unicatiou t hrùuuhout 
o " 
are inhabit.ed hy a great ,"ariety of anin1als, while 
X ew Ilolland and the other islands in the South 
Sea
 hare only a very f
w, and these ahuost all of 
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the sanle fan1Ïly, we Inay conclude that the land 
forming the Paris basin was originally surrounded 
by the sea. 
.. 
The del)osits in the rents or fis'3ures of the strata 
llla)" no" be briefly lllentioned, and they present a 
"cry singular subject of contenlplation. They are 
found all around the 
Iediterranean, at Gibraltar" 
Cette" Antibes" Nice" Pisa; in Sicily, Sardinia" and 
Corsica; at the extren1ity of the kingdom of Kaples; 
on the coast of Dahllatia; and in the island of 
Cerigo. The body of the deposit is calcare(;lls, and 
of the sanle ]"ind in all these gaps or fissures. The 
sallIe, or nearly the sanIe, bonps are e,'erywhere 
found ilubedded in it; they are chiefly the bones 
of nllninating allin1als; and beside those of oxen 
and deer, there are found those of rodents, a kind 
of tortoise, and two carni,-orous alliluals. In these 
fissures there are lllany land but no sea shells; and 
the Inatter that fins thenl is unconnected with other 
strata. It follows from the first fact that they U1Ust 
have been consolidated before, and at the tinle 
when, the sea caIne oyer those countries and de- 
posited shell-fish in the other strata; and from the 
second fact it follows thai the) nlust haye been 
fornlcd when the rocks, in the rents of which they 
are found, were already fornled and dry. Hence 
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these fissure deposits are nlodern compared to the 
strata which "ere fornleù at the bOttOlll of the sea 
and of lakes. 
 or does any operation now gùing 
on upon our globe bear the least resenlblance" in 
Cnvier's judgn1ent" to that by which tho6e depo
its 
must have been nlade. U pOll this, however" great 
contro,"ersy has arisen among his successors. 
It was necessary that we should shortly a(h-ert 
to the places where, for the 1110st part, these fossil 
rClnain:-; are found; in doing so we have anticipated 
a few of the conclusions deduced fronl the con- 
sideration of the whole subject. 'Ye are now to see 
what results were afforded by Cuvier's careful exa- 
n1ÏnatÌûn of the remains" which he in
ituted after 
he had with equal care ascertained the exact Oste- 
ology of the li,-ing alliluals in each case where the 
fos
il reillains appeared to offer a resenlblance with 
existing tribe:-;. 
The fi'l'st 11art of Cuvier's researches is occupied 
with the paclzydermatolls* animals whose rClnains 
are found in a]]udal deposits. 
The second part consist:;, of two subdivisions-in 
one of which are given n1Ïnutely the whole details 
of the Paris Basin-in the other subdivision the exa- 
mination of the aninlal remain
, beO"inninO' with the 
b b 
1C< Animals with thick skins, as the elephant, horse, hog. 
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IJachydertnatous, anù then the others that. accon1- 
})any them, whether quadrupeds, reptiles" fis!tes, 01" 
hirds. So that the Paris Basin is maùe the ground 
of this arrangen1ent" and its Fossil Zoology is gone 
through without nluch regard to the general ar- 
rancrement of the rest of the work. 
o 
The third part is occupied with the rumiuant 
auinlals, unless in so far as one of its subdi,
isions, 
treating of the gaps or fissures of the 
ledit('rranean, 
aìso treats of the few other aniulals ".hich are 
there founù beside the ruminant. 
'I'he jOltrtlt part is occupicd with carnlforOIlS 
auiluals-the jiJ
/l with 'rodents-the six!lt with 
tootldes.}
 or. edentate aninlals-the seventh with 
JJzarille J/larnuzalia-the eiglttlt and last" and 
}Jerhaps the Inost interesting of the whole, with 
TClltiles; illcludin
 the anolnalous specie::; newly 
disco,.erecl, which partake of the nature at once of 
the reptile and fish or of the reptile and bird. 
As no arrangell1cnt is yet n1ade of these fossil 
allin1als unùer any of the heads which we ha,-e 
stated, we are at liberty to adopt any order that nlay 
êl}1!1ear 1110St conyenient; and we shall accordingly 
begin with those which at first appeared to resem- 
ble the known species of the rhinoceros, the hip- 
}10potannlS, and the elephant" anù which a careless 
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observer would unquestionably have confounded 
with these animals; but they were soon ascertained 
to be different. 
1. Of the fossil rhinoceros four distinct species have 
been found;* and they are all distinguishable from 
t he four known kinds of rhinoceros-those of India, 
Java, Sumatra, and the Cape. The fossil animal 
had a head both larger and narrower than the 
living kinds, and Inuch larger in proportion to his 
body. lIe was also 111uch lower, and a n10re creep- 
ing animal. He, for the most part, had either no 
incish-e teeth or very small ones" but one species 
had these of a good size. One of the fossil species 
i
 distinguished from all the four known ones and 
from the other three fos
il ones, by a still more 
marked peculiarity; his nostrils are tlivided from 
each other not by a gristly or cartilaginous, but by 
a bony partition, \vhence the nan1e of Ticl101"lzin1lst 
has been given to hinI, the three others being 
termed Lepto1"hin1fs,! lncisivus, and 
Iinlltlfs. 
The grinùing teeth of the Tichorhinus, are also 
found to have a peculiarity which no other teeth 
either of any living or any fossil animal have. They 


* Of these there are now nine species, fiye having Lcen Òiil- 
covered since Cuvier's work. 
t From TUXð
, a wall. :: From As::r'1'ð;, slenòer. 
G 3 
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are indented at the base in one of the ridges, after 
being 'worn down by use. This, as well as the bony 
partition" affords, therefore" the means of discovering 
.. 
the species. The use of the partition apparently 
,vas to support the \veight of hvo large and heayy 
horns on the nose. 
The history of the first of these species
 the 
Tichorhinus, furnishes a remarkable example of the 
errors into which even able and expert observers 
may fall \vhen they make more haste than good 
speed to reach a conclusion. A missionary named 
Call1pbell having sent home the head of a rhinoceros, 
being one of several killed close by his residence" 
and \vell known to have been so" Sir Everard 
Home con1pared it with a fossil head from Siberia
 
sent by the Emperor of Russia to Sir Joseph 
Bankes; and finding, as he thought, that it 'was of 
the same species
 he very rashly inferred that 
the position which aiErms the existence of unknown 
animals among the fossil remains ,vas much weak- 
ened by this supposed discovery. Cu vier n1ade a 
more accurate comparison, and found that the 
Cape skull \vas materially different froln the fossil 
one" but resembled the head of the existing species, 
\vhich Sir Everard Home had also denied. rrhe 
most remarkable omission" however, of the lattcr 
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was, his ne,-er looking to see if there existeù a bony 
partition between the nostrils. This Cu\YÌer diù, 
and found it cartilaginous and not bony. So that 
the 1l10st singular of the new and unknown fos
il 
animals belonging to this class renlained 8till a 
novelty, even if Sir Eyerard I IOllie had been correct 
in all the cOlnparative exanlinations which he ever 
did make; and his conclusion of fact from that 
cOlllparison, e,-en if adn1Íttetl to be well founded, 
had no bearing whate,-er upon the general position 
against which he had pointed it. 
The extraordinary fact of a portion of one of 
these ancient and lost anilnal's 1111.1scular substance 
and skin having been found, is further to be Inen- 
tioned. In a block of ice on the hanks of the 
\Vilujii" a river of Siberia, there \ras disco,-ered this 
hug-e l1laSS of flesh, about the year 1770. It was 
found to ha,-e ìongish hair upon parts on which the 
existing" rhinoceros has only 'leather; consl'quelltly 
it nlust have li,"ed in a colder clÌ1nate- than the 
present aninlal inhabits. But it arpear.s to have 
been killed hy SOl1le sudden catastrophe, and then 
to have been inlmediate]y frozen, el8e it would 
have undergone ùecolllposition like the other re- 
mains of which the bones alone are left. 
There are two species of liring elephants, the 
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African and the Asiatic; the former distinguished 
fronl the latter chiefly by the length of his tusks, 
by a l)cculiar disposition of the enanlel in the 
ja\v teeth, and "by never having been tamed, at least 
in nlodern times. The fossil elephant rescmbles the 
Asiatic species luost" but differs in sonle lllaterial 
particulars. It has long tusks, sOlnetinles exceeding 
nine feet in length; the jaw teeth are differently set; 
the under ja\v of a different shape, as wen as other 
ùones; and from the length of the socket bones of 
the tusks the trunk must ha\-e been also vcry dif- 
ferent. These relnains* are found in great abundance 
both in Europe and in _t\.luerica" in neither of which 
parts of the globe are there now any liying elephants 
of any 8pecie
 l)roduced. In the sanlC strata and 
cares other anin1als are also found both of the 
known and extinct classes; and occasionally sheHs 
also. 'Ihe elephant's bones are chiefly discovered 
on plains of no considerable elevation and near 
the banks of rivers. They ne'"cr could have been 
trans!Jorted by the sea over the mountains of 'far- 
tary, upwards of 20,000 feet in height, which 
se})aratc Siberia fronl the 11arts of Asia where the 
e1e11hant now flourishes. It must be aùded, that" 
beside those bones, a still nlore perfect specinlcn of 


(, There are now known cight sllecies of this fossil 
lel)hallt. 
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the :-;ofter I)arts hHS been preserved by the action of 
cold than we have of the rhinoceros. In the same 
country, near the lllouth of the ri,-er Lena, a mass 
of ice was found ill 1799 by a fisherman" which he 
could not break or ll10\-e; but in the course of the 
ne
t sumnler it partially nIelted, when it was found 
to contain an entire elephant frozen. The ueigh- 
bouring Tartars with their dogs, and afterwards the 
bears, d
stroyed the greater part of the flesh, but 
the skin and bone
 were sayed. It \Ya'3 found to 
have hair, and e,.pn woolly hair or fur, upon dif- 
ferent part:;; of the body. It must then ha,-e been 
calculated, like the aninlal of the \Yilujii, for Ih-ing 
in a climatf' ll1uch colder than that of India or 
Africa, and, like that rhinoceros, it lllust ha,"e been 
frozen imnlediately after its death. Its tusks were 
circular" and nine feet (near ten English) long. 
Of the hippopotaulus, two 5pecie
* have been 
found cunong the fossil bones" both so difterent frolll 
all Ii ,"ing anÏ1nals" that everyone bone of each difl:.ers 
fro1n any other known bone; ::,0 that e,-en if an 
error should have been cOlnmitted in COl1nectino- 
o 
the difterellt bones together, there must be not only 
two" but n10re than two, new species thus discovered. 
'l'hese al1in1als abound in the great deposit of fossil 


* Two more 
pecies have since been found. 
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bones in Tuscany, in the \Talley of the Arno" and at 
Brentford" in l\1iddlesex. There are two other fossil 
species" of which, however, less is kno\vn; one of 
. 
these is very small, not larger than a COlllmon hog. 
Three pieces of a ja\v bone" with SOllIe fragnlents 
of teeth" have been found in Siberia; which upon 
examination pro\Te to haye belonged to a singular 
species" resembling both the rhinoceros and the 
horse, and fornling probably the link between these 
two aninlals. The size is larger than the large
:t 
fossil rhinoceros. 1"he disco\Terer, 
Ir. Fischel." 
has named it the Elasnlotlten'llm,* fronl the thin 
enaluel plate which winds through the body of the 
tooth in a pecu1iar manner. 
But llluch more is known of a lost species \vhich 
approaches the elephant, although differing in sonle 
important respects both from the living and the 
fossil elephant. The nlost remarkable difference 
in the osteology is pres
llted by thejaw teeth" which 
have the upper surface malllellated or studded 
,vith nipples; froln whence Cuvier nallled it the 
1\-1 astodon. t 'Vhen these tubercles are worn down 
by use, the surface of the tooth has a unifol'll1ly 


* E).d.O'!-'ÐS, thin plate. 
t Or :Ma
todonte, which is sometimes, but unnecessariJy, ren- 
(lered by 1\Iastodonton: !-,d.O'<;'ÐS, mamilla. 
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plane or uniformly concave surface. The structure 
of the vertebræ shows it to have been a weaker 
animal than the elephant; and the belly was 
considerably smaller. The lower part of the 
fore leg was longer" and the uI)per joint shorter; 
the shoulder one-ninth shorter too. The pelvis 
was nlore depressed; the tibia and thigh bones 
materially thicker; and the body a good deal 
longer in proportion to the height. _\s it fed upon 
vegetables, and had a short neck and feet unfit for 
living in the water, it. must have had a trunk; and 
it also had tU'5ks. It seems to haye fed upon the 
softer l)arts of vegetables, and to haye inhabited 
Inarshy ground. Six species* ha,.p bee!l disco,.ered 
of this animal, chiefly differing from each other in 
the teeth; and of these six,1\,-o only are wen kno"'n. 
The mastodon was long supposed to be peculiar to 
An1erica, and ,yas sometimes called the Ohio animal; 
but there have 
ince been found teeth in different 
parts of Europe, evidently belonging to the two 
b
tter known species; and the other four kinds are" 
to all appearance, European. 
In the sanle strata with the renlains of elephants, 
rhinoceroses, and other animals both of extinct genera 
and species, are alnlost everywhere found the bones 


* Five more species have since been ðiscovel'ed. 
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and teeth of horses, very nearly resembling those of 
the animal now so ,vell and universally known. It yet 
happens that for want of tÌue attention to a branch 
of anatomy m{}re fan1iliar to us than any except the 
human, naturalists have constantly fallen into 
error in examining fossil bones. Thus Lang, in his 
history of the figured stones of Switzerland, took a 
horse's tooth for a hippopotamus's; and Aldrovan- 
dinus in one work describes teeth of that class as 
giants'" and in another as horses'; while several 
authors ha,-e confessed that they could not tell to 
w hat tribe such remains had belonged. Cnvier did 
not" therefore, deen1 himself l:eleased fron1 the duty 
of fully examining the conUTIon horse's osteology, 
merely because of the frequent and minute descrip- 
tions which had 11reviously been giyen of it; and his 
intimate acquaintance thereby obtained with the 
nature of every bone and tooth, has enabled him 
to pronounce with c('ln
dence upon the existence of 
horses like our own among the unknown animals 
which inhabited the earth before the yast revolutions 
that changed both its surface and its inhabitants. 
He has" however, justly noted the fact that there 
is no dist.inguishing the bones of the horse, the ass" 
the mule, and the quagga; so that ,'ery possibly these 
remains may have belonged to any of those animals; 
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and rery possibly also to none of them, but to 
sonIC fifth species, now" with the nla:::;todon and 
other contenlporary aninlals, extinct.. rrhe same 
reillark is of course applicable to the bones of the 
hog and the wild boar, found occasionally al110ng 
other fossil relnains. 
The tapir fanIily in nlany important particulars 
resem hIes the rhinoceros; anù those are often found 
in the sanle tertiary strata with the rhinoceros, 
elephant, and nlastodol1, se'"eral species now wholly 
extinct, but alliecl to the tapir. rrwo of these Blust 
have been of prodigious size, the largest 18 feet 
(19{ Euglish) 10
lg and 1L (near]y 12 English) 
high. * But there arc ot her species, to the nU111ber 
of tWl'lre at least, whose sizp diffl'rs little frOlTI 
that of the tapir; the bones are sonlewhat dif- 
fen.'ut howc\"el", and particularly the teeth, which, 
fi"on1 the enlinences or ridges upon then1, Cuvier 
maùe the ground of the genus, to which he 
ga,-e the name of L'Jplliodoll.-j- It is in difi.crent 
parts of I
"rance that all these species were fir.::;t 
found; the sn1aller ones always in strata of fresh- 
water shells, and in company with remains of either 
unknown land aninlals, or crocodiles and other rir0r 


* This is now better known, and is c
dleù the Di.notlteriutll. 
t .\(i
I
': a small hill, emim,llce" or ridge. 
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anin1als now found in hot clinlates; and in several 
places the strata in which they occur, have been 
co,.ered over, after they had been deposited and their 
- 
bed consolidated, \vith strata of an origin unques- 
tionably ll1arine. By far the greater part of fossil 
remains, both those which have been already de- 
scríbed and those which \ve are afterwards to con- 
sider" have been found in sandy, or calcareous, or 
other earthy strata. But some fe\v are also found 
in imperfect coal or lignite. In the IJart of the 
Appenines where that range ll1eets the Alps there 
is a tertiary coal stratum, and in it have been found 
two new genera of pachydern1atous aninlals" and a 
third in the fresh-water deposit near Agen. Cuvier 
calls these Antllracotlzeria. * 
The general conclusion which IS to be deri,-ed 
fron1 the important branch of the inquiry of which 
\ve have been analyzing the resulting propositions., 
is partly zoological and partly appertains to geology. 
The former IJortion of it is" that 1110re than thirty 
kinds of land animals have left their fossil remains 
in the strata now forn1Ïng dry land" but deposited 
under water; that of these, seventeen or eighteent 


* A)lGpa
t coal. Of these se\ en species are now known. 
t According as the Elasmotheriuffi is allowed to be sufficiently 
distinguished or not. 
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are now extinct, and have been wholly unknown since 
the earth was peopled with its present inhabitants, six 
or seven being of a genus now unknown" the others 
being new species of known genera; that twelve 
or thirteen kinds hare, as far as their bones are 
concerned, the appearance of having belonged to 
the sllecies which still inhabit the globe, although 
their iùentity is far from certain, depending only 
ul)on the similarity of their skeletons; and that 
animals of genera now aln10st confined to the torrid 
zone used formerly to inhabit high and Iniddling 
latitudes. The geological portion of the conclusion 
is that some of these fossil remains have been buried 
by the last or one of the last revolutions to which our 
planet has been subjected" as they are in loose and 
superficial strata, 'whilst other ren1ains in the ter- 
tiary strata appear general1y to have come from 
deaths in the course of nature, though some of these 
too must have perished by a sudden revolution. 
II. The Paris Basin presents, in great abundance, 
the rpmains of herbivorous pachydel 
latous aninlals 
of two distinct genera, each comprehending several 
specie
, and all alike unknown in the living world. 
The anin1als to which SOllIe of thenl approach the 
nearest are the tapirs; but they differ e,'en ge- 
nerically fr0111 these, and frolll every other known 
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tribe. The inquiry into which Cnvier entered for 
the 11urlJose of ascertaining to which set of bones 
each particular piece belonged, so that he n1Ïght be 
able to restore the entire skeletons by putting toget her 
all the l)arts of 
ach, was long, painful, and diffi- 
cult in the highest degree. lIe had first to connect 
the two bones of the hinder feet together" in each 
instance" by n1inutely exan1Ínillg the relation of the 
pieces to one another; and this process could only 
be conducted b y derivinO" liO'ht froll1 the analoaie
 of 
o b 0 
other and known animals. lIe then had the dif- 
ferent bones of the fore feet in like nlannpr to put 
together" in order to restore t hose fore feet. Next 
the hinder and fore feet of each anin1al were to be 
connected together. Afterwarù
 he had to n10unt 
upwards and. connect the bones of the body 
with the se'"eral feet. 'fhe teeth and head must 
next be referr
d to the linlbs. 'fhen the vertebræ 
and then the trunks w 
re to be restored; and then 
other bones, not yet accounted for, were to ha.ve their 
places found. The result. of this n10st elaborate and 
}Jerplexing in,.estigation, the detail3 of which occupy 
the fifth part of a large quarto ,"0Iu111e, and arc 
illustrated by between sixty and se,-enty adn1irable 
plates, containing between six hundred and seren 
hundred figures of bones, fragnlellts of bones, and 
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congeries of bones, n1ay be stated shortly thus:- 
"There are of the first genus, which he clenon1Ïnates 
Pa!æúf/te-rium,,* six, or }Jerhaps seyeu, species: t prin- 
cipally distinguished by the teeth and the size, as far 
as the bones are concerned, but which, probably, 
were nlllCh more widely different when ali,-e. One of 
thes
 resembled a tapir, but ,vas only a foot and a 
half in length, being about the size of a roebuck. 
Another was nearly three feet high, and the size of a 
hoO". A third was between four and fi,.e feet in 
7") 
heiaht, and about the size of the horse or the Java 
1:' 
rhinoceros. It had feet thicker than a horse's, and a 
larger head; its eyes were ,-ery small, its head long, 
and it had a snout protruding much oyer its under 
jaw and lip. In a specimen of one of these species, 
the first now mentioned, t.here were actually found 
son1H of the animal's softer parts, certain flexible 
filan1cnts, which, upon being burnt, gaye an anin1al 
smell, and were manifest] y portion
 of the Herres or 
blood-vesscls. Besides these three species, three" 
and possibly four others, were distinglli
hed, one the 
size of a hare. 
'I'he other genus was tern1ed by Cuvier Anoplo- 


· na).,t%lfJ;, ancient.; 
nelfJ';, wild beast. 
t Eleven species nre now known. 
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t lterium,,, *' and of these" two species" at the least, are 
distinguishable. t The first, or common anoplo- 
therium, is about the size of an ass, being four or 
fh.e feet high; and its body four feet long, but with 
a tail of three feet long; it was probably an animal 
that lived partly in the water, as it appears nlade 
for swimming like an otter. But it has a peculiarity 
of structure which is to be found in no other al1inlal 
\vhatever; its feet are cloven" but have two separate 
and distinct 111etacarpal and metatarsal bones, 
,vhich are soldered together in other anÏ1nals; it 
has also its teeth contiguous, while aU other ani- 
mals except man ha,.e them apart. The other 
species, or secoudal'y anoplotherium" resenlblps the 
forn1er" but is only the size of a conln1on hog. But 
beside these anoplotheria properly so called, {our 
, 
.other cognate species are found" one of the size and 
appearance of a gazelle, one the size of å. hare" and 
two of the size of a guinea pig. A curious specitnen 
gives the very forn1 of the anoplotheriunl's brain" "a 
cast of it remaining in the earthy mass. I ts size is 
extremely small" and Cuvier infers from this that 
the animal was exceedingly stupid. 


* A'Io'7J'Âo;, unarmed, without tusk8. 
t Six species are now ascertained. 
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1.11 these animals are found in the Paris Basin; 
uut bones of the palæotheriu1l1 ha\"e been discoverecl 
elsewhere" namely, at Orleans" Aix in Provence" 
l\Iontpelier, and Isell. As the speciulens from those 
other places were extrenlely rare in Cuvier's t.inle" 
he could not have the same certainty respecting 
thenl as fronl the more copious collections obtain eel 
in the Paris district. But he could distinguish at 
least three different species. 
Beside these two new genera" the palæotherium 
and anoplotheriulTI, the Paris Basin affords two 
other new genera of pachyùennata" the one, called 
Chæropotam1ls" * resenlbling animals of the hog kind 
-the other, adapis, very snlall, being about a third 
larger than the hedgehog, which it also rese1nbled 
in structure. There are found" too, the remains of 
fi ve or six kinds of carnivorous animals, one of thenl 
bein g of enormous size, and resembJinO' a tio-er. 
. I::) b 
.Another has projecting bones to support a bag or 
purse as in the kangaroo kind; but it is of a genus 
of marsupial anilnals now found only. in America" 
being a sort of OPOSSUlll. The Basin" besides" 
afforù::; a consiùerable number of tortoise remain
, 
some fish bones, and even perfectly conlplete skele- 
tons of fish" and ten species, at least, of birds, all 


* There are now three species known. 
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now llnkno,,-n, but one of which resctnbles the 
Egyptian ibis. It is very remarkable that. in one 
spcrinlcn, brought to Cu\-ier while his work was 
printing, the windpipe was preserved. and the n1ark 
or n1011ld of the brain appeared upon the surface of 
the gypsnrn. 
III. Of rtnninating animals the f03sil deposits 
present nlany ren1ains. 'fhere are of the deer, be- 
side din:'r:; that closely resemble known species, no 
less than twelye* species wholly unknown among the 
existing inhabitants of our earth. One has enor- 
mous horns, 
ix feet from tip to tip, and of this ani- 
mal we know not hing an10ng existing species, though 
it conles nearest the elk. Two kinds are sonle,,-hat 
like roebucks, and of that. size. The fissures of the 
l\'lediterranean give six new species, t of which that 
found at Kice is like an antelope or a shepp.t 


*- No less than twenty-eight species are now known. 
t In theRésumé to Parts III. and IV.,Cuvicr says,"Ofthesix 
deer found in alluvial deposits, one with larl;e horns is entirl>ly 
unKnown; of the four in fissures, three are unknown. at least in 
any but most distant countries. Another, that of Orleans, is quite 
unknown, as are the two species of lagomys found in the fissures." 
: A thirteenth new species was at one time supposeà to ha,-e 
been found in the Swedish rrovince of Scania; but Cuvier, before 
the last volume of his work was printed, had reason to believe that 
this animal belonged to one of the tribes formerly known, and 
still living in th
 north of EUNpe. 
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K one of our comn10n oxen are found in a fo
sil 
state, unless in nlorasses or peat bogs, where they 
hare certainly ùeen buried while the globe's surface 
was in its present condition, and peopled as we now 
find it. But aninlals of the sarne genus certainly 
existed in the age of the elephant and rhinocero
, 
and of the extinct species. * There pre,-ails no sillall 
uncertainty as to the identity of the fossil bison 
and nlusk buffalo with the liring species of the 
former in Europe and of the latter in i\.n1erica; 
but the rell1ains which ha,-e been found of a kind 
of ox, appear different fronl any known species, and 
it appears that no buffalo re::;enlbling either that of 
the East Indies or that of the Cape, has been found 
in any place. 
'rhe conclusions, both zoological and geological, 
fronl this part of the inyestigation and fro1l1 the 
exan1Ínation of the relnains found in the Paris Basin, 
in every respect tally with those to which we were 
led by a consideration of the pachydern1atous re- 
nlains under the first head of the inquity. 
I'
. 'fhere are found in ca'gerns both in France, 
Germany, 'Y orkshire, and De,.onshire, and in the 
fr('
h-water formation of '
al d'Arno, in Tuscany, 


# Of these there are now sevcn ascertained. 


,. OLe 11. 


H 



146 


FOSSIL OSTEOLOGY. 


the remains of many animals" some extinct and 
others no longer inhabitants of the same telnperate 
latitudes" but confined to the frozen and the torrid 
.. 
zones. By far the greater part of these animals 
belong to the carnivorous class" except in the Y ork- 
shire caves, where many of the herbivorous kind are 
also to be found. I n the foreign caves the bear is 
the most numerous" and presents extinct species. 
In the Yorkshire caves (at Kirkdale) the hyæna 
predominates. In the German caves hyænas are 
con1paratively fe\v, and in VaJ d' Arno not 1110re 
numerous. In Kirkdale there are very few bears. 
The race of lions and tigers is much more rare than 
any of the others. Not above fifteen have been 
found in Germany, while there have been found 
hundreds of bears; and in Yorkshire" \vhere hyænas 
abound, very few lions and tigers are traceable. Of 
the \volf and fox, sonle are found" but not so 111any 
in Yorkshire. There is also a very large kind of dog 
traced, which must have been five feet in height and 
eight in length from the mouth to the tail. 
Of bears it appears" after a very close examina- 
tion, that there are found, at least." two species* larger 
than those now known" and a thil'cl which" both in 
size and othC'r particulars" so nearly approaches the 


,;. Seven more have since Leen added. 
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common bear, that Cuvier does not regard it as a 
new species. But it seelllS as _if the one found in 
Tuscany formed a third kind of animal now extinct. 
The hyæna * is found not only in the caverns and 
other quarries where the bear abounds" but also in the 
alluvial strata with the elephants and rhinoceroses. 
In Kirkdale cave his dung has been distinctly re- 
cognised by a comparison with that of living hyænas; 
and the particular crack which he makes in the 
bones of the beasts devoured by hinl to get at. the 
D1arrow" has" in like manner, been identified by 
actual comparison. Nevertheless the fossil animal 
differs from the living one in some n1aterial respects, 
particularly in size, and in having his extremities both 
thicker and shorter. The caverns contain two speciest 
of a huge animal of the felis (or cat) kind, consi- 
derably larger than the lion or the tiger, beside 
some few resembling living species in size. One is 
between one-eight.h and one-ninth larger than the 
lion" and has its trunk more convex in the lower 
outline. A new" but smaller" species of the felis 
kind is also found in the 
Iediterranean fissures. 
In the dog tribe there has been found a wolf or 
dog,::: but n10re probably the forn1er, \vhich differs 


:II Now eight spt'cies. t Now fifteen. 
t Ten species aId now known. 


H2 



Its 


FOSSIL OSTEOLOGY. 


though slightly, from any known species, in ha,-ing 
the Inuzzle shorter in proportion to the skull; ancl 
also a species has been observed clearly new of the 
sallle genus. "r e as yet only kno,v of it by two of 
his jaw teeth" fouud at Avaray, near Beaugency. 
He nlust ha'"e ùeen eight feet long and five high. 

rhe Paris Basin atfords, likewise" another new 
species of the dog kind, but not nlaterially varying 
in point of stature. The common fox, however, is 
found, and also the dog and wolf" in the caves. 
The caves afford a considerable number of bones 
of the ,,-easel and glutton, * closely resembling 
the exist.ing species. The latter allinlal is only 
known now in the higher latitudes; but in the caves 
\ye find his renlains mixed with those of animals 
L('lollging to the temperate and the torrid zones. 
It is thus shown by the inquiries which comprise 
the third anù fourth part of this great work, that 
the fornler inhabitants of these regions were wholly 
different from the IJresent l)opulation. E,-en the 
anilTIals of hot clinlates here found, and referable to 
cxistiuO'o-enera,nlust ha,-e differed entirel y froln those 
bO 
species which sun-ire in the torrid zone" becau
e they 
.could exist in a temperature now wholly foreign to 
their nature. The rein-cle2r and the lion, the sloth and 


111 Of the fOjsil gu'o two spec"es me now ascertained. 
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the elephant, all found in the saIne places, show that 
the clilllate of those latitudes ren1aillS nearly the 
same, but that their inhabitants have been changed. 
In all these researches one blank is imnlediatel '7 
. J 
IJerceptible. There are not only no human renlains 
whateyer" but there are none of apes or of any of the 
genus of quadrumanes. Animals far less in size, 
and whos
 bones would nluch 1110re easily have 
l)eri::;heù, as rats and 111ice, ha,'e left their skeletons 
with those of the largest beasts; but of the nlonkey 
tribe no vesti<Ye whatever is to be disco,"errd; and 
o 
the conclusion is ineyitable" that the strata were de- 
110sited, the fissures filled, the ca'gerns strewed with 
bones, at an age anterior to the existence of that 
tribe, as wel1 as to t.he creation of our own species. 
Thus it was when Cu\-ier wrote.* 
V. Beside the aniu1als of the Rodent description, 
found in the Paris Basin and the 
Iec1iterranean 
fissures, rabbits, lago111Ys, field n1Íce, there are 
several others in the alluvial strata and caverns,,- 
S0111e apparently of known, and others, certainly, of 
unknown kinds. The hare has been traced at 
l<'irkdale; the beaver near the Rhine; two ne\v 
* This rtfers of course to the state of discovery in Cuvier's time. 
There are remains of the monkey said to have been lately dis- 
("()vered in the South of France and in the Himalaya :l\Iountaills; 
it is said also at Calcutta. But the rroofs ar
 not clear. 
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species *' of the beaver near Rostoft in the south of 
Russia; another species" also unknown, at CEningen. 
V I. The toothless or Eden tate animals afford some 
yarieties st.ill greater than those to which our atten- 
tion has as yet been directed. N one of the known 
species of this tribe are to be found in any of the 
strata, fissures" or caves in Europe. But three 
genera entirely new" with two of which at least 
there are anlple materials for becoming acquainted" 
have been found in America, and these are de- 
serving of our best attention. 
The first is the animal narned by Jefferson, from 
the size of his feet" or rather what he supposed 
claws" theMegalonyx,t and respecting which he fell 
into an error as \ve formerly stated. Cuvier pre- 
ced
d his examination of this as of an other 
animal remains by a thorough investigation of the 
osteology of living animals of this family; and it is 
the result of his careful inquiry that the bones 
found in America and described by Jefferson" and 
of which both casts and drawings were sent over, 
as \vell as a tooth" belonged to an animal of the 
sloth tribe" but wholly new and now quite extinct. 
The tooth ,vas cylindrical
 and worn down on the 


* Now four are known, and three of lagomys. 
t Two species are now known. 
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top, but cased round with enamel like a sloth's" 
and not at all like a eat's. In the pa",-" the second 
phalangal bone was symmetrical. This bone is 
curved and not symmetrical in animals that raise 
up and draw back the claw, as all the cat kind do. 
The first phalangal bone, too, was the shortest; 
whereas the lion and others of the cat kind have 
that bone the longest. But from the know-n species 
of sloth it diftèrs most strikingly in its stature, 
which was equal to that of the largest oxen" t.hose of 
Hungary and Switzerland" and a sixth larger than 
the comlllon kind. 
'I'he second of these new anin1als has been terlned 
lUegatlterium, from his great size" and the remains 
are found in South All1erica. Fron} his teeth it 
appears that he lived on vegetables, but the struc- 
ture of his very long fore paws and nails shows that 
it was chiefly on the roots. He possessed also good 
Ineans of defence" and so was not swift of foot. His 
coyering seenlS to have been a thick and bony 
coat of Inail like the arnladillo's. His length 
was twelve feet and a half (near thirteen feet and 
a half English), and his height seven feet (about 
se'-en feet and a half). From the sloth he differs 
not only in size but in other particulars; for exam- 
ple, his fore ]egs arc llluch nearer the length of his 
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hinder legs than in the sloth" which has thp fonner 
double the latter. But, on the other hand, the thick- 
l1PSS of the thigh bOl:e in the mpgatheriunl is 111uch 
greater than n any of the kno\vn sloth tribe, or 
indeed any other anin1al either known or extinct; for 
tht' thigh bone is about half as thick as it is long. 
The third of thes3 new animals was known to 
Cuvier only by one fragn1ent which he exalnined. It 
was a toe; and from a careful discussion of its fornl 
and size he inferred that the anilllal belonged to 
the edentate tribe of Pal1golin
, and that, if so, it" 
length nlust have been twenty-four feet (twEnt.y-six 
English), and its height in the sanu' enOrll1OUS 
proportion. rrhe bones ,vere found in the Palatinate 
near Eppclsheim. * 
VII. The course of our analysis has now brought 
us to the fanl:l y of the Sfea 1Jlan; 1JZ alia, and 
1 hese supply ne,,- [00:1 for \Yonder. 
o diftèreut 
frolu the bone3 of any lidng aninlals are those 
renlains which hare been examined" that a ne\v 
genus is forn1ed consisting of several 
pecies" 
and beariuO' the sanIe relation to the cetacea, 
o 
or anilllais of the whale tribe, that the nlasto- 
don" l)alæotheriunl, and anoplotheriunl do to the 


* Sul\sequent discoveries have made it probable that this toe 
belonged tù the Dinotherium. 
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pachydern1ata, or that the 111egalonyx and luega- 
therium do to the eclentata. lIe ternlS the genus 
Ziphius from its ha,-ing a sword-like head. One 
. of these 'was found near the nlouths of the Rhone. 
The dinlensions are not given by Cuvier" but fronl 
the drawing the head appears to ha\.e been about 
three feet in length. The ren1ains of a second 
species of ziphius were found thirty feet under 
ground at Antwerp, and between nine and ten 
under the level of the sea at low water. The head 
is considerably larger than that of the first nlcn- 
tioned species. The head of a third species is found 
in the nluseUlU at Paris, but with no account of its 
history. 
Beside this new genus" there are other cetacea or 
new speeies discovered among the fossil bones. At 
Angers a Laluantin of an extinct species has been 
traced. The remains of a dolphin, which ll1ust hare 
been twelve or thirteen feet long, and different fron1 
all the known species, ha,-e been found in Lom- 
bardy. In the Landes another dolphin, which 
Hlust ha\-e been nine or ten feet in length, has been 
discovered. A third kind of dolphin, different fronl 
any now li,'ing, has been found in the deparhl1ent 
of L'Orne, while a fourth, also found in the Landes" 
113 
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nearly if not wholly resembles the ordinary dol- 
l)hin. In Provence a cetaceous animal of an un- 
kno\vn species is found, somewhat like the hyper- 


odons. 


... 


In the neighbourhood of the Ochill hills in Scot- 
land the fragments of a \vhale's bones have been 
found in a recent alluvial stratum, at only eighteen 
inches depth, with a part of a deer's horns near. 
It must have been a whale of some size, as the ver- 
tebræ ,vere eighteen inches broad" and one of the 
ribs ten feet long. But it is most probably one of 
a kind still existing in out' seas, from the place 
\y here it was found. 
In the mountains near Piacenza there have been 
found the bones of a small whale. Its length ",.as 
twenty-one feet (near hventy-three of ours) and its 
head ,vas six feet (near six feet and a half) long. 
The place 'where these bones lay was a clay stratum 
with nunlberless shells all round, and oysters cling- 
ing to the bones. This aninlal was in a tertiary 
formation, six hundred feet above the plain of 
Italy. It appears to be of a new species. 
In the very heart of the city of Paris have been 
found the bones of another whale" far larg-er" and of 
a species ,vholly unknown. Its head must ha,"e 
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been fifteen or sixteen feet long" and its body fifty- 
four or fifty-fixe. It ,vas found in a compact sandy 
bed in diO"O"inO" under the cellar of a wine-mer- 

o 0 
chant" 
The conclusion to which these Researches un- 
avoidably lead is that the earth in its forn1er 
tate 
did not differ more widely in the races which in- 
habited it than the sea did-that ocean which 
was itself the great agent in producing 111any of 
the changes that have at various tinles swept away 
one race of living creatures from the surface of the 
globe, and mixed up their ren1ains with those of 
anin1als engendered in its own boson1. 
VIII. 'Ye have now reached the last and the 
n10st singular portion of these Researches; the ex- 
alninatioll of the RejJtiles whose relics are found in 
111any of the stratified rocks of high antiquity. 
In the calcareous schist, near l\Ionheim, whence 
the stones used in lithography are gotten, a new 
species in the crocodile fanÚl y is found" whose 
length must have been about three feet. At Boll, 
in "\Yirtemberg, another, apparently of the san1e 
kind, has been discovered. .L\t Caen oolite quarries, 
a different and equally unknown species is traced; 
its body is between four and fire feet long, and its 
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whole length thirteen. Others of this fanlily hare 
been found in the Jura" and there they are accom- 
p3uied by the fresh-,vater tortoise. At IIonfleur 
another species is found, and the remains of two 
other unknown kinds have becn di
co'
er<?d near 
H arfleur and I-Iavre. 
Beside the relnains of crocodile anin1als founù 
in these n10re ancient str'ata, there are many also 
found ill the more recent beds, where the bones of 
the palæotheria anù lophiodons are deposited. The 
Paris Basin" the nlar1 pit.s of Argenton, Brentfonl" 
and other l)laces have furnished these speciu1ens. 
But whether they were of different species from 
those new ones found at l\Ionheim, Caen" and 
lIonfleur" the 
xamination which they had under- 
gone in Cuvier's tinle was too imperfect to deter- 
mine. They ha,-e since been shown to be different. 
I t deserves to be remarked of the ne,v 
pecies 
of crocodiles, that their difference fronl the known 
kinds exceeds in manifest distinctness that of almost 
any other animals which are of the same genus, and 
do not differ in size; for the vertebræ instead of 
being, as they arc in the crocodiles now alire, conca,-e 
in the front and cou,-ex behind, are convex in front 
and concave behind. This at once furnishes a very 
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triumphant answer to those doubts which hare Lecn 
raised as to the novelty of the species, and still 
n10re signally discomfits the speculations of those 
who fancy that the difference perceired in fossil 
bones have been caused by change of tenlperature 
or of diet, or by the passing from the liring to the 
petrified state. 
The examination of fresh-water tortoises" of the 
genus trionix" whose relnains are found in the 
plaster quarries and other strata offers sin1Ïlar re- 
sults. rrhus at Aix in Proyence a trionix of a ne\v 

 
species is founù. Another species, also new, is 
found in the Gironde; and two others have been 
traced less distinctly in the gravel beds of Haute- 
vigne (Lot et Garonne) and of Castelnaudary.* 
Fossil fresh-water tortoises, of the genus emys, 
give the same results. They are found in the 
molasse of Switzerland, in the Sheppy clay near 
London, and in the limestone ridges of the Jura. 
Fossil sea tortoises offer the like appearances. 
One of an unknown species is found near 
Iaestricht" 
the genus being stillli\'"ing ill the sea, and fan1Ïliar 
to our observation. So that altogether the ex- 
an1Ìnation of tortoise renlains lead:;; to the sanIC 
inferences of islands having existed in the ocean at 


* Eight species have now ùeel1 traced. 
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a former period" inhabited chiefly by reptiles or 
oviparous quadrupeds, and before the creation of any 
considerable number of the viviparous orders. 
As \ve proceed towards the close of these Re- 
searches the subject rises rather than falls off in 
curiosity and interest. We now come to the family 
of lizards, by which is here understood all the old 
genus of Lacerta (Lin.), excepting the crocodile 
and sa] amander tribes. 
In thp celebrated fossil fish deposits of Thuringia 
are found the remains of a monitor, of a species 
-r 
some\vhat varying from the kno\vn species in two 
particulars, a greater elevation of the vertebral 
apophyses, and a longer leg in proportion to the 
thigh and foot. Remains of a similar aspect occur 
in France near Autun, and in Connecticut in North 
America. 
In the strata of fine and granular chalk near 
Mae
tricht, between 400 and 500 feet in thick- 
ness, are found the remains of a huge reptile, which 
1\11'. Faujas represented as a crocodile, following the 
opinions of the people in that neigh bourhood; but 
so celebrated an anatomist as Adrian Camper was 
not to be thus deceived, and he pro,.ed it to be 
an al1inlal of a new genus, related to the nlonitor, 
and also to the iguana; it seenlS to be placed 
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between the fishes on the one hand and the 
lllonitors and iguanas on the other. But the SIze 
constitutes its most remarkable difference when 
con1pared with these. They have heads five or 
six inches long; his ,vas four or five feet, and his 
body fifty. He was t.herefore a lizard exceeding 
the size of a crocodile; just as the extinct tapir 
.was the size of an elephant, and the megalonyx 
was a sloth the size of a rhinoceros. It appears 
that, like the crocodile" he ,vas aquatic and could 
swim; and that his tail was used as a scull, 
moying laterally in the water, and not up and down 
like the cetacea, an order to which the elder Camper 
at first rashlv referred him. 
of 
In the canton of IVleulenthal, at l\lonheim, ten 
feet below the surface, and near some kinds of 
crocodile remains" bones ",-ere discovered of anot her 
unknown sub-genus of th
 order Saurus, and which 
Cuvier calls Geosaurus, and places between the 
crocodile and the monitor. It l\aS apparently 
twel ve or thirteen feet long, that of l\Iaestricht 
being fifty. 
A large animal of this family is found to have 
been an inhabitant of the same ancient world. At 
Stonesfield, in the neighbourhoocl of Oxford, Dr. 
Buckland discovered his ren1ains in a bed of oolitic 
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calcareous schistus under a solid rock of forty fee 
thick. The t.high bone is two feet eight inches in 
length, which lfould seem to indicate a body in the 
,,-hole forty-fire feet long. But eren if his tail were 
not in the prol)olotion of the lizard's" as this calcu- 
lation assunles" his length n1ust be, according to 
the crocodile's proportions, thirty feet. This animal 
apl)roaches the geosanrus of l\Ionhein1, and also, 
in other respects, has sonle affinity with the cro- 
codile and nlonitor; but in size he greatly ex- 
ceeds the crocodile and con1es nearer the whale. 
IIis roracity must, fronl his teeth and jaws" hare 
been extren1e. lIe was also an anlphibious aninlal ; 
for his remains are surrounded with marine produc- 
tions. The genus has been called 
Jegalo-saurlls. 
"reetll and bones of the sanle genus have been since 
discovered in Tilaate Forest, Sussex. 1\11'. l\Iantel 
::> 
l1as found in the sanIe l)lace the thigh bone of a 
Dluch larger auinlal. at her reptiles haye been 
found in the 1\'iuschelkalk quarries near Lunëville. 
But there arc animals of the family of saurus 
yet nIore strange" if not for their size, at least 
for their anonlalous structure and habits. A 
reptile is found of a genus so extraordinary as to 
comprehend within itself the distinguishing nature 
both of the lizard and the birù. It has a very 
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long neck, and the beak of a bird. It has not, how- 
ever" like a bird, wings without fingers t.o strengthen 
them; nor has it wings in which the thunlb alone is 
free like a bat; but the wings spread by a single long 
finger, while the other fingers are 
hort" and with 
nails like the fingers of ordinary apterous (or UIl- 
winged) aninlals. From these circunlstances Cuvier 
has nanleù this genus* the Pte'l"odactyllls.t It was 
first discorered by the late 1\11'. Collilli, a Florentine" 
settled at l\IanÌleiln" and fonnerly attached to the 
fan1ily of \7" oltaire" of whonl he puLli
hed SOllIe 
Dlemolrs. 'rhe skeleton, nearly perfect, was found 
in the Hlady stone beds of Aichstadt in the county 
of Pappenhein1; but 
lr. Collini fell into '"ery great 
nli:.;takes r
specting the genus of the aninla], which 
he supposed to be of n1arine origin, from not accu- 
rately in\-estigating its osteology. The celebrated 
Sæmnlering contended that it was one of the 
Inammalia" resenlbling a bat, and other naturalists 
held the same opinion. But Cuyier has 11105t satis- 
factorily shown, chiefly frolu its jaws =1ud vertebræ, 
its shoulder blade and sternunl, that it is between a 
bird and a reptile" a flying reptile. The tail is 


* There are now ten species observed. 
t ITne O )/, wing; ðax'Õt!).os, finger. 
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extremely short" and this indicates the aninlal to 
have used its wings chiefly for locomotion; indeed, 
fronl its very long neck" it must have had great 
difficulty in either walking or crawling. 'Vhen at 
rest, it must hav
 stood like a bird on its hind legs, 
and also" like sonIe birds" have bent back its long 
neck in order to support its very large and heavy 
head. Another species of the same genus" having 
a nluch shorter beak (for that of the former is longer 
than the whole body), has also been found near the 
same spot. I t is much smaller . Very scanty 
renlains of a third species also occur" found in the 
same quarries. Its size must have been near1y four 
times greater than that of the kind first mentioned" 
and it must have presented one of the most mon- 
strous appearances which can be conceived" accord- 
ing to our present experience of animal nature. 
The t\vo last discoveries among the anilllals of a 
forlner world, which these Researches have dis- 
closed, remain to be mentioned; and they are, in 
the eyes of the naturalist" the most wonderful of the 
whole" although to an unlettered observer they 
may appear less strange than the tribe we have 
just been surveying. One of them has the muzzle 
of a dolphin, the teeth of a crocodile, the head and 
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breast of a lizard, the fins or paddles of a whale, but 
four instead of two, and the back or vertebræ of a fish. 
rrhis has been named the Ichthyosaurus. The 
other, being apparently nearer to the lizard, has 
been called the Plesiosaurus;* and has also four 
paùdles, like those of a whale; the head of a lizard, 
and a long neck like that of a serpent. Both are 
found in the older secondary strata of the globe; 
in the limestone marl or greyish lias, filled with 
pyrites and allllllonites, and in the oolite beds of 
the formation called J urassick. They are both 
chiefly founù in England, and were first discovered 
there. 
Sir E..Home" in 1814" n1ade the first step in the 
discovery of the Ichthyosaurus; liaving obtained 
SOllle bones found on the Dorsetshire coast, thirty or 
forty feet above the level of the sea. He gradually 
obtained more of these renlains" until 1819-20" when 
the discovery was conlpleted. But he seems to have 
been unfixed and variable in his opinion respecting 
the aninlal; and after believing for sorne tinle that 
it was partly a fish" he ended by believing it 
to be no such thing, and changed its nalne from 
ichthyosaurus, which 1\11'. König had given it, 
as early as 1814, to Proieosaurus, supposing it to 


,. DÀflITIO;, near. 
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have some affinity with the proteus as ,veIl as the 
lizard. 
The ichthyosaurus IS most abundant in the lias 
. 
strata in the lower region of the Jura forn1ation. Its 
remains are not'" confined to Dorsetshire; they are 
found in Oxfordshire, Somersetshire, 'Varwickshire, 
and Yorkshire. But at Lyme they abound as 
much as those of the palæotherium do in the pits 
of l\Iontmartre at Paris. Sonle few sl)ecimens are 
found near Honfleur and at Altorf; in'Virten1berg, 
also" a nearly cOl1lplete skeleton has been dis- 
covered. Four* distinct species weare ascertained by 
Curiel'" chiefly differing fro111 one another Ly their 
teeth" that is t
 say, as far as their osteology goes. t 
In the general features of their bones they all 
approxin1ate to one another. 'fhe head resembles 
that of the lizard, although with nlaterial differences 
and e,-en ha,.ing some other bones. The eyes are 


11: Four species ha.ve since been adde{l to these. 
t It cannot be too steadily kept ill mind that when a specific 
cJifference has once been ascertained, so as to (listinguish one of 
these extinct races from another, the amount of that difference is 
110 measure at all of the diversity which may have existed between 
the two animals. Tribes the most unlike have general resem- 
blances ill the bones, the substratum on which the muscular parts 
ale l,laced. 'Vitness the ease with which unlearned persons, 
l1aY, evcn naturalists carelessl)" observing, have taken the skeletons 
of lizards for those of men. 
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extren1ely large, differing in this fron1 all the 
greater aninlals both sea and land. The cavity 
in SOUle specimens is abo,-e a foot in clian1eter. 
Each eye is IJrotected by a shield of bone, conl- 
110sed of several pieces knitted together. The ver- 
tebræ are very nUlllerous. In son1e specinlens as 
many as ninety-fh"e are to be seen; and these 
differ entirely froln the ,-ertebral systenl of the 
lizard, resembling rather that. of fishes, for they 
are flat like backgamnlon" and conca'"e on both 
sides" The animal has four fins, or paddles, each 
C0111posed of six rows of slllall bones, nearly onc 
hundred in all, and so fitting into one another" that 
he could paddle about by 111eans of then1, n1o,-ing 
with more elasticity than if the bones had fornlecl 
a single piece. The teeth are sharp. This creature 
could onlv breathe the air, anù so must often have 
01 
COllIe up to the surface. 1'" et, again, he could only 
lUO\-e in the water, and was still less able to crawl 
on land than even the sea-calf. The length, in son1e 
cases, reaches to twenty-four or twent) -fh-e feet. In 
the strata where these bones are found there are nlany 
of the cornu amulonis and other marine shells, and 
ren1ains of crocodiles exist in the sallle strata. 
The l)lesiosaurus was first observed in 1821, by 
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1\1 r. Conybeare and l\Ir. Delabeche; and in Cu- 
vier's time its remains had only been found in 
England
 unless those discovered at Honfleur be- 
.. 
long to this genus. The discovery was fully made 
in 1824. The distinguishing feature, the long neck, 
has many more vertebræ than even a swan's. In the 
fine specimen from Lyme there are in all eighty- 
seven vertebræ" of which thirty-five belong to the 
neck and hventy-five to the tail. The vertebræ, 
though their axis is "ery short" resemble the cro- 
codile's more than the lizard's. '-fhe teeth are 
pointed and slender. The paddles consist of nlany 
bones, in rows like those of the ichthyosaurus; but 
they taper more" consist of fewer pieces, not auove 
fifty, and are longer than those of the ichthvo- 
. "' 
saurus, nor do they form a kind of pavement like 
his. Five species* of this animal \vere distin- 
guished by Cnvier. That found at Lyme appears 
to have been seven ür eight feet long; but other 
species" from one jaw bone which has been dis- 
covered, must have reached the length of twenty- 
eight feet. 
'fhe eighth and last part of these Researches which 
we have just surveyed, is remarkable, as regards the 


* Three have since been aÙlleù. 
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skill and diligence of the illustrious author, for two 
particulars. F'irst, the extraordinary success of his 
indefatigable investigation from very scanty mate- 
rials derives especial attention. In some cases he 
had only one or two bones to examine and to reason 
from. In others he had a far greater number; 
sODletimes he had the whole skeleton in scat- 
tered parts; in a few instances the whole together 
in their natural juxtaposition and connexion. But 
he found where he had many bones, that from a 
single one, or from two, he could have reached the 
very same conclusions which the examination of the 
whole led him to. This was observable in a yery 
remarlable manner when he investigated the 
mosasaurus" or saurus found at l\laestricht. He 
had not examined more than the jawbone and the 
teeth when he knew the .whole animal; but he says 
that a single tooth discovered it to him: he had 
got the key; after that every other part fell in 
at once of itself into its proper place. Secondly. 
Although he was not the discoverer of either the 
ichthyosaurus or plesiosaurus, and had to tread on 
ground which his eminent and able predecessors 
had gone over, his researches e\-en here were quite 
original. He collected all the evidence, whether 
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by drawings, descriptions" or models, of what had 
been before thenl ; but he also enlarged his collection 
of facts by nUlllberless specinlens both of the saIne 
kind which they had examined and of different 
kinds never subnlitted to their vie,v. lIe investi- 
gated the whole as if the field had been still un- 
trodden and the soil yet yirgin; and accordingly 
his work, e\gen in this subordinate branch is far 
fronl being a re11etition; his inquiries far from 
being a TIlere reiteration of theirs. '''here he does 
not vary or extend the results at which they had 
arrived, he carefully confirms their propositions, 
and ascertains the truth of their If\arlled conjcc- 
hIres; so that he adds to the precious monUlnents 
of his l)redecessors, by either enlarging- the super- 
structure or strengthening the foundation. 
rfhat such a guide to our inquiries is worthy of 
all confidence, no one can dOll bt. That even his 
authority, the weigh of his opinion, is very great 
would be a proposition as indisputably true, if in 
matters of science it ,yere lawful for the learned to 
l)ay any deference to mere authority; yet even 
here ignorant I1len nlay bow to him, and receive his 
doctrine with a respect which t.hey might be justi- 
fied in ,vithholding fron1 others. But his system 
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Dlakes no such appeal" and requires not to be re- 
c
ived upon terms like these. He has given us 
without any reserve every particular ,vhich his 
whole reseal'ches presented to his own view, and 
preferring the risk of being tediously minute to the 
chance of leaying any l)oint unexplained, or any 
l}osition without its needful proof, there is not a 
fraO'ment of bone which he has eyer exan1Íned, and 
o 
on which he raises any l)ortion of his philosophy, 
that he has not both described with the fulness of 
anatomical demonstration, and offered to the eye 
of his reader in the transcript of accurate and 
lun1inons engraving. His work is accompanied 
with between forty and fifty maps and sections of 
stra ta, above 250 plates representing upwards of 
3,800 skeletons, bones, teeth, and fragments. 
These are aU presented t.o the exanlinatÍon of the 
expert, in their connexion with the author's de- 
scriptiou both of what the diagrams can, and of 
what they cannot, fully represent. But they are also 
11fesented to the uninforulecl, who ca'l, by atten- 
ti\"ely considering thenl, institute a comparison 
between the structure of known and living allinlals, 
and those of which the earth's strata contain only 
the remaUlS. Giving Cuvier only credit for 
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having correctry written down what he observed" 
and accurately represented in his figures the subjects 
of his examination, we are enabled to see the whole 
ground of his reasoning; \ve can mark the points 
in which a fossil animal resembles a living one, 
and those in which the two differ; and \ve have 
even a higher degree of evidence in behalf of the 
author's conclusions than \ve have in reading Sir 
Isaac Newton'
 experiments upon light, because 
every thing in this case depends upon configura- 
tion, which a drawing can accurately represent, 
whereas n1uch in the optical case must needs turn 
upon appearances observed by the experimenter, and 
which no drawing can convey to our apprehension. 
If again 'we compare the certainty and fulness 
of the proof in this case with that which we 
have in examining any anatomical proposition, 
or any doctrine of natural history, whether of ani- 
mals or of plants, \\ e shall still find it of a separate 
and higher kind. For in those branches of science 
much n10re is necessarily left to descril1tion. The 
question here is always one purely osteological as 
regards the animals; and osteology is of all 
branches of anatomy, whether human or compara- 
tive, the one \vhere most depends upon mere figure, 
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and where of consequence the reader can approach 
most nearly to the observer in weighing the proofs 
on which his demonstration rests. The geological 
matter bears but a small proportion to the zoologi- 
cal in these inquiries. It is indeed of the bighest 
importance; but it is incapable of much doubt, 
ancl admits of no mistake or imposition-for the 
strata where the different animal remains have been 
found are well known" and, in the very great majo- 
rity of cases, are of easy access to an. The sciences 
of geology ancl mineralogy are sufficient! y certain, 
at least for the main purposes of the inquiry; the 
names and description of the beùs of the globe's 
surface are the portions of those sciences upon which 
no doubt or difficulty can exist; ancl the great body 
of Cuvier's results, ren1ains unaffected by any dif- 
terences of opinion upon speculative geology. 
Thus the comparison stands as to the degree in 
which the evidence is ma(le plain to the reader of 
Cnvier's researches, and the reader of other re- 
cords of discovery in the inductive .3ciences. But 
let us extend our view a little further, and compare 
the proofs before us in these volunles with those 
reasonings upon "hich the assent of mankind has 
been given, and is continued unhesitatingly, to the 
great truths of the mixed mathematical sciences. 
I 2 
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The reader of the" PrincijJÙJ," if he be a tolerably 
good nlathematician, * can follow the ,vhole chain 
of denlonstl'ation by which the universality of gra- 
. 
,-itation is deduced from the fact that it is a power 
acting in,-ersely as the square of the ùistance to the 
centre of attraction. Satisfying hinlself of the laws 
which regulate the motion of bodies in trajectories 
around gi\gen centres, he can convince himself of 
the su b1in1e t rnths unfolded in that immortal ,york, 
and DIllst yield his assent to this position, that the 
moon is deflected fronl the tangent of her orbit 
round the earth by the sanle force by which the 
satellites of Jupiter are deflected fronl the tangent 
of theirs, the very sanle force ,,,hich nlakes a stone 
unsupported fall to the ground. The reader of 
the "Mécaniquc Célesle/' if he be a still more 
learned mathelTIatician, and versed in the modern 
improvenlents of the calculus which Newton dis- 
covereù, can follow the chain of demonstration by 
\vhich the 'wonderful provision nlade for the sta- 
bility of the universe is deduced from the fact that 


* It is the object of' the Analytical View of that great wort, in 
this volume to make the demonstration, the proof on which the 
Newtonian system rests, so easy as to be followed by persons 
little skilled in mathematical science; but the remarks in the text 
will, it is to be feared, alwaJ's remain well founded. The like may 
still more be said of the Analysis of La Place's Mécanique CéIeste. 
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the direction of all the planetary motions is the 
san1e, the excentricity of their orbits sn1alI, and the 
angle fornled by the plane of their ecliptic acute. 
Satisfying himself of the laws which regulate the 
nllltual actions of those bodies, he can convince 
hin1self of a truth yet more sublime than Newton's 
discoyery though flowing from it, and nlust yield his 
assent to the marvellous position that all the irre- 
gularities occasioned in the system of the universe" 
by the n1utual attraction of its n1elubers, are 
l)eriodical, and subject to an eternal law which 
prevents them fronl ever exceeding a stated amount" 
and secures through all time the balanced struc- 
ture of a universe composed of bodies, 'whose 
nlighty bulk and l)rodigious swiftness of lllotion 
mock the utmost effort::; of the human inlagina- 
tion. All these truths are to the skilful ll1athelna- 
tician as thoroughly known, and their evidence is 
as clear as the sinlplest propo'3ition in arithrnetìc is 
to common understandings. But how few arc 
there who thus know and cOll1prehtnd thenl? Of 
all the n1ÏUions that thoroughly believe those truths, 
certainly not a thousand individuals are capable of 
following even any considerable portion of the 
demonstrations upon which they re::t" and probably 
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not a hundred now living have ever gone through 
the ,vhole steps of those demonstrations. Ho,v 
different is the case of the propositions discussed by 
. 
Cuvier and his predecessors! Ho,v luuch more ac- 
cessible are the proofs on ,vhich their doctrines repose! 
Ho\v vastly more easy is a thorough acquaintance 
\vith the" Recltercltes " than \vith the" Principia" 
and the "Mécanique Céleste!" Ho\v much 
ll10re numerous are they who have as good reason 
for fully believing the propositions, because as 
great facility of thoroughly examining the proofs, 
as first rate lllathenlaticians can have for assenting 
to 1\ ewton's third book" and Laplace's great theo- 
rem" or as common readers have for admitting any 
of the lllost simple truths in the easiest of the 
sciences! 
The extraordinary truths unfolded by the " Re- 
cllercltes" we have had an opportunity of stating-in 
detail. But it is ne(essary to revert to some of the 
lllore general conclusions in their luore inllllediate 
connexion with the great subject of these volumes. 
The Illustration derived to theological inquiry from 
the po,vers of inductive investigation in this branch 
of science, and the Analogy found between the two 
kinds of denlonstration" ,vas stated in the Intro- 
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ductory Discourse; but these form by no means the 
whole contribution which this new branch of kno\\- 
ledge furnishes to Natural Religion. Before the 
nature and extent of that aiù could be understood" 
it was necessary that the details of the science itself 
should be considered" anù its generall)rinciples un- 
folded, together with the grounds upon which they 
rest. \Ye are now 1110re particularly to Blake the 
application. 
To the geologist" as Cuvier has well obsen.ed" 
the vast periods of time oyer which the phenoluena 
that fornl the subject matter of his inquiries ha,-e 
extended, offer the salne kind of obstruction as the 
astronomer finds fr01l1 the Immense space over 
which his researche::; stretch. The distance of tillle 
is to the one as great a difficulty as that of :;pace is 
to the other in prosecuting his re:;earches. Yet as 
the properties of light, and its relation to media 
artificial or natural, furnish a help to the senses of 
the astrononler" so the endurable nature oÎ the 
principal portions that COlupose the. franlework of 
aninlal bodies give invaluable assistance to the 
labours of the geologist and allaton1Ïst" supplying 
records which it is ås physically impossible he 
should have in any history of past chdnges on the 
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globe, as it is that the naked eye of the astronomical 
obserrer should penetrate into boundless space. 
The n10st minute bones of small animals" even their 
cartilaginous. parts" and the most delicate shells of 
sea or river fishes, are found in 11erfect preservation. 
These shells are found" too, on ground now and for 
ages lying high abo,
e the le,-el of any waters, 
in the llliddle of the hardest rocks, reaching the 
summits of lofty mountains, lying in vast layers of a 
regular form and solid consistency" and which seem 
to denlonstrate the proposition that the sea in former 
ages was spread over the regions where those strata 
,,-ere fornled, and lay there long and quietly. 'rhe 
le'"el parts of the earth, whièh to an obseryer who only 
regards its surface seems ahvays to have been in its 
present state" can hardly be penetrated in any place 
\yithout showing that it has 
lndergone such reyolu- 
tions and been under the sea for ages; while the 
bottom of the ocean has at those remote periods been 
dry land. But when \ve ascend to greater heights" we 
find the same proofs of former changes; n1arine 
relnains often sho,v then1selves on Alpine sunlmits" 
but their kinùs yary much from those of the lo,ver 
regions; they are exposed to ,iew by the . layers in 
which they lie imbedded being no longer horizontal 
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and buried deep under ground" but nearly vertical, 
broken in })ieces" and thrown variously about. These 
strata have for the most part been of a fornlatÌon long 
prior to that of the horizontal ones" and were at one 
tinlC disl)laced, and elevated and rolled about; the 
ocean was the great agent in their formation as in that 
of the strata which it afterwards deposited horizontally 
around them; the ocean, too, was the agent which, 
after having first deposited, afterwards dislocated 
and raised them into roc
s, pronlontories" and islands, 
an1idst which the strata still found horizontal were 
laid. 
'This ocean" at different times" not only held in 
soìution different dead matter" but was inhabited by 
aninlals of kinds that exist no nlore. 'Yhel1 it last left 
the earth and retreated into its present position" the 
only one in which we ha\"e ever known it by actual 
observation" its inhabitants nearly respmbled those 
which stilllh.e and swarnl in its waters. But at more- 
remote periods" and when fornling its more ancient 
deposits, it was the receptacle of aninlals of which 
not a living trace now renlains; aninlals all whose 
species are extinct; anÎ1nals of genera absolutely 
different fron1 any now known" and which sOlnetinles 
I 3 
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united together in one individual frame, parts now 
only found separate in distant and unconnected tribes. 
Again, the intermixture of land animals and of 
fish the inhabitants of fresh water only, with those 
of marine origin, sho,ys that. several successive 
irruptions of the ocean nlust have taken place, and 
that after it remained covering the land during suc- 
cessive periods" it retreated successively, and left that 
portion of the globe dry. Nor can there be any doubt 
that large portions of the earth now uncovered and 
inhabited by the human species and other tribe
 of 
living animals had" before it ,vas last covered hy 
the sea, been dry, and been inhabited by a race of 
animals of which their fos
il ren1ains are all that 


,ve can now trace. 
It is probable, too, that many of these Inighty revo- 
lutions have been sudden, and not effected by gradual 
incroachnlents upon the earth, to destroy its inha- 
bitants. The examination ofn1asses of flesh belong- 
ing to some of the race destroyed by the last change, 
and l)reserved by the frozen water in ,vhich they 
were imbedded, seems to prove that the death of 
the animals" and their envelopement in water" 
the coagulation of the ,vater, and the introduc- 
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tiol1 of a frozen climate, were simultaneous; for the 
put refactive process had not commenced till thou- 
sands of years after the destruction of life, ,,,hen, 
the ice being thawed, the exposure to heat and air 
began the decomposition. But the sudden violence 
by which these last changes were effected is equal1y 
conspicuous in the transport of huge blocks fronl 
one part of the country to another in which they 
,vere n1anifpstly strangers. 
But we ascend to greater heights on the surface 
of the globe, and we find the 
cene changed. 'Ye 
are nO\\T upon the vast and lofty chains of solid 
rock which tra\'erse the central parts of the different 
continents" separate the ri,-ers that \Yater and drain 
them, veil their sununits in the cloLld
, anù are 
capped with neYer 111plting snows. These are the 
prinÚti\-e mounta
ns; fonned before any of the other 
new made strata whereof we ha,-e alread.y spoken, 
becau
e they penetrate thenl vertically; and e'-en 
these prinle\-al rocks show by their chrystallization and 
occasionalh- by their stratified fornlS that they, too 

 "' , 
were once in a liquid state, and deposited by waters 
which anciently he]ù then1 in solution and co,-ered 
the places they now fill. In these" as we ascend to 
the nlost ancient" no aninlal reluains at aU are found. 
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The shells and other marine lJroductions so abundant 
below." and in the more recent layers of the globe, 
here cease altogether to exist. The prinleval 
rocks, therefore, were first held in a liquid state, 
and afterwards deposited, by an ocean which con- 
tained in its bosonl no living thing; an ocean which 
before covered" or washed, a continent, or island.,,, 
on which life ne,.er had exist.ed. 
There is also little doubt, according to Cuvier, 
though we gire not this as an incontestable proposi- 
tion, that the prodigious changes ,,-hich we have been 
cOl1teulplating must have been operated by a force 
,,-holly different from any that we now perc
ive in 
action upon any portion of the globe. The power 
enlployed to ,vork SOllie of the displacements of which 
we see the traces is shown remarka bi y in the insulated 
rr
asses, found renlored fron1 great distances, and 
lying still at ,-ast heights. Ou the Jura, at near 4,000 
feet abo,-e the le,-el of the sea, are found blocks of 
granite evidently carried fr0111 the Alps, one of which, 
containinO' 50,000 cubic feet of stone, has been re- 
o 
nloycd and placed in its IJresent position after the 
fornlation of the strata on or anlong which it lies,- 
strata, the materials of which do not fill its interstices, 
but hare been rent and broken by its fall. r\ one of 
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the operations now observed on the earth's surface 
satisfactorily explain either this or the other rC\TO- 
lutions in question. The effects of weather, either 
in the fall of rain, or in alternate freezing or thaw- 
ing of water, though sufficiently l)owerful and ,.ery 
beneficial upon a sOlall scale in decon1posing stones 
and puh-erizing earths, are confined within con1- 
paratirely narrow 1in1Ïts. 'rhe action of ri\-ers in 
wearing down thpir banks" and changing the posi- 
tion of their beds, is resü'ictcd to those banks and 
beds, and is of slow and alnlost inlperceptible 
operation" unless in some cases of rare occur- 
rence, where a n10untainous eminence being gra- 
dually undermined may fall and dam up a ri\"er 
and cause a lake to be fornled, or where a lake 
may be let out of its resen-oir by the wearing away 
of S0111C ridge forming its dam or head, and so 
inundate the country below-events barely possible 
be it obsen.ed, and of which the period of authentic 
history records scarcely any instance. Then the 
incroaclunents of the sea are even more gradual than 
those of rivers; nor can any l)roof be found, in all the 
tinle o\-er which authentic hunlan annals reach, of a 
n1aterial change in l)osition of the ocean with re- 
spect to its shores; the utmost it has evcr done 
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being to wear away an isthmus here anù there, * 
or cover a mile or two of low anù flat coast. t 
The \yonderful force of a column of con1pressed 
water, in a vertical fissure connected with a 
subterraneous sheet of it, however shallow, but 
filling a broad space-the resistless power of such 
a colun1n to move about any superincumbent 
\vpight-has, perhaps, been too little taken into ac- 
count as an agent in effecting changes on the 
earth's surface. But these operations n1ust be all 
merely local. Volcanic action is still more topical 
in its sphere; anù though violent enough within 
these narrow limits, produces consequences wholly 
confined to them" and unlike those which are under 
consideration. Lastly, \vhatever effect could be 
produced by the nlotion of the earth is of inconl- 
parably a more slo\v and gradual kinù than any 
now enumerated. The n10tion of the poles round 
the plane of the ecliptic, and the nutation of the axis, · 


* There seems reason, from some ancient authorities, to believe 
that the Isle of \Yight was once a peninsula when the tide was out, 
to which tin, the staple of the ancient British exportation, wàs 
carrieù in waggons at low water to be shipped for Gaul. 
t The estate of Earl Godwin in Kent, now covereù by the sea, 
is one of the principal examples of this kind of change; and there 
must clearly be great exaggel.ation in the accounts given of it. 
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are movements of this kind" and never exceed certain 
narrow limits. The rotation of the earth has a 
regular and defined tendency to accumulate matter 
towards the equator" and flatten our globe at the 
two poles, but no other; and certainly neither a 
sudden nor a violent effect can be operated by this 


means. 
The result of the Researches upon the fossil bones 
of land animals has demonstrated those changes 
still more incontestably than the examination of 
the remains which have been left by the inhabitants 
of the ocean; both because" as they l11uSt have 
lived on dry land" their being found in strata de- 
posited by water proves that water has covered 
parts of the continent forrnerly dry" and also be- 
cause their species being fewer in number and 
better known" ,ve can now certainly tell whether or 
not the fossil animal is the same with any still 
living on the globe. N ow" of the one hundred 
and fifty quadrupeds examined by Cuvier" and 
whose renlains are found deposited in different strata 
of our continent" more than ninety are at present 
wholly unknown in any part of the world; nearly 
sixty of these are of genera wholly unknown, the rest 
being new species of existing genera; oni y eIe\-en or 
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twel ve are so like the present races as to leave no 
doubt of their identity, or rather of their osteology 
being the same; while the renlaining fift.y, though 
resembling in most respects the existing tribes, as far 
as the skeletons are concerned" may very possibly be 
found, on more close sUf\ g ey" anù on examining n10re 
specimens" to differ materially even in their bones. 
N or is it at all unlikely that" of the whole one 
hundred and fifty, everyone would be found to be 
of a race no\v extinct, if we could see their softer 
parts as well as their bones and their teeth. But 
the relation which these diftèrent species of ancient 
aninlals beår to the different strata is still DI01'e 
renlarkable and nlore instructive in every point of 
VIew. 
In the first place, it appears that o\9iparous 
quadrul)eds" as crocodiles and lizards" are found in 
earlier strata than those containing vi\"iparous ones, 
as elephants and others. The earth which they 
inhabited must" therefore" have existed and been 
watered by rivers before the chalk fornlation" be- 
cause they are found under the chalk in what is 
ternled the Jurassic fOl"ll1ation.-But" secondly, 
among the strata subsequent to the chalk forma- 
tion, the unknown genera of animals" palæotheria" 
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anoplotheria" are only found in the serIes of beds 
inlnlediate]y over the chalk. A very few species of 
known genera of viviparous quadrupeds are found 
with thenl, and also some fresh-water fishes.- 
Thirdly. Certain extinct species of known genera" 
as elephants" rhinoceros" are not found with those 
Dlore ancient anÏ1uals of extinct genera. They are 
chiefly found in alluyial earth, and in the most 
recent tertiary strata" and all that we find wit.h 
these extinct species are either unknown" or of 
more than doubtful identity with any now existing. 
Again" those relnains which appear identical with 
the known species are found in recent allurial 
.. 
earths, and places which seenl to belong to the 
present world.-FourtILly. "r e have 5een that the 
nlost ancient secondary strata contain reptiles and 
no other quadrupeds. N one of the rocks at all 
contain any hunlan remains; nor were any re- 
nlains of the Dlonkey tribe, or any of the family 
of quadrunlanes found in Cuvier's time" if indeed 
they are obsen"able even now. In turf-bogs, in 
rents and ca,-ities" under ruins as well as in celue- 
teries" hunlan skeletons are from tinle to tilne 
fountl; but not a ,-estige of them or of any hunlan 
bone in any of the regular strata" or of the fissure 
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deposits, or of the caves and caverns ,vhich abound 
with all the other animal remains. Whatever 
hunlall bones have been found" were undoubtedly 
placed there by hunlan agency in recent times. 
For Cuvier has examined with the utmost care all 
the instances \v hich were pretended to afford proofs 
of hun1an remains. He closely investigated several 
thousands of the bones in the Paris basin" and in the 
deposits of Provenc
" Nice, and others. All ,yhich 
had ever been supposed to be hUlllan he found to be 
either animal bones, or bones of men accidelltall y 
placed among the others" or in some other Blanner 
satisfactorily accounted for. The skeleton sup- 
posed by Scheutzer to be a man's, and which he 
made the subject of his book, "HO'Jno DilllVii 
Testis,," a century ago" has been already adverted 
to. Cuvier undertook the complete exatnination of 
it. The first skeleton which fornled the subject of 
Scheutzer's argumC" t lt was found near Amiens. Thirty 
years afterwards another \vas discovered" but its pos- 
sessor" Gesner hinlself" raised grave suspicions that 
it was SOUle lower aninlal's remains. A nlore com- 
plete one than either was afterwards found. Cuvier 
has engraved this, together with Scheutzer's copied 
froin his o\vn book-and ho\v any person could, 
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upon the bare inspection" ever have conceived that 
either was a hUlnan skeleton is truly incompre- 
hensible. But Cuvier has further engraved a land 
salamander, whose osteology he had" after his adnlÏ- 
rable manner, thoroughly e xan1Ïn ed, and its like- 
ness to the fossil remains shows it to be of the sanle 
genus" though of a wholly new species" above six 
tÏtnes larger. He enters at large into the details of 
the difference between these remains and the 
human skeleton. But a further demonstration of 
their nature was reserved for him when" in 1811" at 
Leyden, he had access to the actual fossil itself of 
Scheutzer" and was permitted to remove a portion 
of the incrusting stone. He did this with the 
salalnander by him" and predicted the kind of bones 
that would be discovered by the operation. The 
success of the experiment ,vas complete; aud to 
show the difference between this skeleton and a 
human subject" Cuvier had the satisfaction of 
also discovering a double row of small and sharp 
teeth" studding the fringe or border of the large 
circular 1l10l1Ìh. In 1818, he had an oppor- 
tunity of repeating this examination upon the 
last found specimen" which is now in the British 

luseum, and with exactly the same result. It is 
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therefore demonstrated, as clearly as any fact in the 
,vhole compass of physical science" that these bones 
,belong to a race wholly different from the human 
. 
species" and indeed fr,onl any species now existing 
on the face of the globe. Finally" places where 
human bones ha.ve for many centuries been depo- 
sited with the remains of aninlals" as the ground 
under ancient fields of battle, have becn examined" 
and it is found that the one are quite as well 
preser,.eù as the other" and haye not suffered more 
decay. The in1portance of establishing the con- 
clusion that no human remains are to be found in 
the strata of the earth will presently appear" and is 
the reason why we hare dwelt upon the evidence in 
some detail. 
If we next inquire at what period the last great 
change took place, although of course no records 
can remain to fix it" vet we have some data 011 
., 
which to detern1ine the limits of the question. The 
progress of attritIon in the larger rivers" as the 
Dnieper and the 
lle, and also the fOrlnationof downs 
where they approach fronl the sea" has been ob- 
served" as on the coast of the Atlantic in the south 
of France; and the results indicate no very renlote 
antiquity as the age of the present ten"aqueous dis- 
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tribution; certainly not nlore than 5,000 or 6,000 
years. Of these, history only goes back about 
3,000. I-Iolner lived but 2,800 years ago. Genesis 
cannot have been written earliel" than 3,300 years 
back. E,"en ....the earliest Chinese nlonuments that 
are authentic reach but 2,255 years. The astro- 
nomical renlains of the East" when closely ex- 
amined, especially the Zodiac, pro,-e nothing of 
that extreme antiquity which was at one time 
ascribed to thenl. Nor do the n1Ïnes, such as those 
of Elba, from which sin1Ïlar inferences were for- 
merly deùuceù, show" since their more accurHte 
e
an1Înation, any thing of the kind. Indeed none 
of the conclusions they lead to can be regarded as 
at all of a certain kind. rrhe general result of the 
Inquiry, then" is, that at a period not more renlote 
than 5,000 or 6,000 years ago, a nlighty convulsion 
covered with the ocean all those parts of the globe 
then inhabited by Inan and the other animals his 
contemporaries, and left dry those other l)ortions 
of the earth which we now inhabit. The few re- 
mains of the races then destroyed have served to 
people this new world; it is only since this period 
began that we have entered upon the progressive 
state of Ílllprovement in which our race has ad- 
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vanced; and to this period whatever historical 
monuments ,ve possess of the globe or its 
inhabitants are confined. But it is equally clear 
that this inhabited earth, then left dry for 
the last time" had previously undergone several 
revolutions" and had been alternately dry land 
and covered with the ocean" more than once" 
or even twice, before this last revolution. We 
have access more particularly to examine the 
condition and l)opulation of the earth when it was 
last inhabited" that is, when the sea left it the last 
time but one. 'Ve are now living in the fourth æra 
or succession of inhabitants upon this earth. The 
first was that of reptiles; the second that of palæo- 
theria; the third of n1anlmoths and megatheria; 
and it is on1y in this present or fourth æra in suc- 
cession that we find our own species and the ani- 
mals which have always beeu our companions. 
\Ve are entitled then to affirm that" with respect 
to animal life, three propositions are proved" all of 
great curiosity, and still Dlore, when taken either 
separat.ely or together, all leading to conclusions 
of the highest importance- 
First-that there were no animals of any kind 
in the ocean which deposited the primary strata, 
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nor any on the continent which that ocean had 
left dry upon its retreat; 
Secondly-that the present race of animals did 
not exist in the earlier successive stages and revolu- 
tions through which the globe has passed; 
T/zirdly-that our O'Vll species did not exist in 
those earlier stages either. 
N ow the conclusion to which these propositions 
leads, and which indepd follows from anyone of 
them taken singly, but still more remarkably from 
the whole, and most especially from the last" 
is that a creative power D1Ust have interposed to 
alter the order of things in those early times. That 
an interposition of this kind took place, the last 
and most important, about 6,000 years ago, is 
highly probable fron) the physical and natural 
evidence alone which is before us, and to which 
alone in this work reference can be made. But the 
date is not materia1. If at an uncertain period 
before the present condition of the earth and of its 
inhabitants, there were neither men nor the present 
race of creatures, wild and donlestic" which people 
the globe, then it follows that between that period, 
whensoever it was, and the earliest to which the 
history of the world reaches back, an interposition 
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of power took place to create those aninlals" and man 
anlong the rest. The atheistical argument" that the 
})resent state of things may have lasted for ever, is 
therefore no\v at an enù. It can no longer be affirmed 
that all the living tribes 
lave gone on f)'onl eternity 
continuing their Rpecies; and that while one gene- 
ration of these passed away and another canle 
up in endless and uninterrupt.ed succession" the 
earth abided for ever. An interruption and a 
beginning of that succession has been proved. 'rhe 
earth has been shown not to have for e,-er abode in 
its present state; and its inhabitants are demon- 
strated, by the incontrovertible eyiùence of facts, 
to have at one time had no existence. Scepticism 
therefore can now' only be allowed as to the tinle 
and nlanncr of the creative interposition; and on 
these the facts shed no light whate,-er. But that 
an act of creation was perforlued at one precise 
time is dE'monstratec as clearly as any proposition 
in natural philosophy, and denlonstratf'd by the 
same eyidence, the inùuction of facts, upon which 
all the other branches of naturallJhilosophy rest. 
I t is wholly in vain to argue that the sea or the 
earth" or the animals fornlerly existing and now 
extinct, or any other created beings" or any of the 
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powers of nature, as we know it, or as it has e\-er 
been known, could ha,-e D1ade the change. It is 
difficult enough to concei\'e how these known forces 
conlel eycr hare destroyed the earth's forn1er inha- 
bitants. But suppose the approach of SOUle cOlnet 
or other boòy at different tirnes produced the yast 
tides by which the land was successively swept, this 
will not account for new slJecies and new genera of 
living creatures having sprung up b0th to inhabit 
the Jand and to people the waters. An act of crea- 
tion-that which would now be adlnitted as a direct 
interposition of a superior intelligence and power- 
nlust have taken place. This is the sublin1e con- 
clusion to which these Researches lead" conducted 
according to the n10St. rigorous rules of inductiyc 
I>hilosophy, precluding all possibility of cayil, acces- 
sible to everyone who will gire hilnself the trouble 
of examining the steps of the reasoning upon which 
they repose, and renloving ùoubt. from the mind in 
proportion as their apprehension reDlOyeS ignorance. 
It is an invaluable addition to the science of Natural 
Theology, and forrns a chalJter as new in kind as 
any of the new animal 'species are in Natural 
History. 
Such are the benefits conferred nron the great 
YOLo II. K 
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and fundamental argument of Divine Intelligence 
and contriv'ance by the recent discoveries in Fossil 
Osteology. The eyidence of design in the cornbi- 
nation and mutual adaptation of the })[lrts of extinct 
animals" ,ve rass over as only a multiplication of 
proof.,; snfficiently numerous before. But the other 
branch of N atnral Theology, that which investigates 
the Diyine Benevolence, also deri,
es aid from this 
ne,v quarter. "re now refer to the argun1ent main- 
tained in the Dissertation upon the Origin of E,.il, 
and also to the theories which were there very re
pect- 
fully considered, and diffiùently and reluctantly found 
to be unsatisfactory" The late interesting disco,.eries 
have thrown new light upon both thflse subjects of 
discussion, and the authors of some of the systems 
which we exarnined l11ay appeal to the Ï1npro\"ed 
state of our knowledge respecting the Chain of Being, 
as we certainly do make our appeal to it upon what 
appears to be a morf; solid ground of arguD1entation. 
The doctrine respecting the Chain of Being is 
adnlitted to be incon1plete as regards the matter of 
fact, inasnluch as we find many and large blanks 
in the series of animated creatures known upon our 
globe. 'Yhatever other objections, therefore, were 
cornpetent against this theory, an additional one 
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\vas, that little appearancp of a Chain of Being 
seems discernible in the universe. N o.w, the sup- 
porters of this doctrine have certainly a right to 
Inaintain that the blanks are filled up in a very 
remarkable nlanner by the recent discoveries. For 
tlH
 Dew 
pecies of aninlals discovered to have existed 
in forluer states of the globe, unquestionably fill up 
some of the most remarkable chasms in our series 
of livin g animals. Thus the chief blank was al ,va ys 
obser\ g ed in the pachydermatous animals, the few- 
est in nurnb(Jr, the least approaching one another, 
and the whole tribe the ll10st relnoved from others. 
K ow nlost of the new and extinct hinds of quadru- 
peds belong to this class, and we llave had occasion 
to obser\"e how links are supplied betw(Jen race and 
race hitherto appearing altogether distinct. 
But although we Inay not be j ustifiecl in reposing 
great confidence in the argunlent drawn fronl the 
plan of a Chain of Being as applied to the subject of 
positive evil, there is another point of \-iew in which 
the subject may, with perfect safety, he considered. 
As far as regards mere defect, lnere inlperfection, 
it. is most important to consider whether the plan of 
Divine Providence may not haye been to create a 
succession of beings rIsIng one above another In 
K2 
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attributes; say merely of intelligent beings thus dif- 
fering in their approaches to perfection. The im- 
portance of this consideration cannot fail to strike 
. 
the observer wben he reflects that there is 110 possi- 
bility of spparating one of the greatest of all positire 
evils, deat.h itself, frolll mere defect or ilnperfection, 
as was observed in the Dissertation all'ead y referred 
to; not to mention Dlanyother kinds of evils arising 
from mere imperfection,-as all that. proceed from 
,veakness" from ignorance, from defect of mental 
energy, as well as mental perspicacity. An these 
evils, and all their \"arious consequences, originate 
in l11ere defect or imperfection. 'fherefore it is of 
no little moment in this inlportant argurnent that 
we should. be able to derive any l1e\v light to 
guide our steps upon that part of the ground which 
belongs to defect or imperfection. 
K ow the late discoveries certainly afford us 
some such lights. They show as plainly as the 
evidenee of facts can show anything, that there \vas 
a tin1e when this globe existed with animals to 
people it, but without any beings at all of the 
hunlan kind. The sounder opinion certainly is, 
that there ha,-e been a succession of stages through 
,,'hich the earth has passed, with different races of 
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aninlaIs belonging to each period; that in the 
earliest age of all no animal life existed; that this 
was succeeded by another in which reptiles 'were 
found to flourish, and that subsequent periods were 
marked by other successive races of anin1atcd 
beings. But as this is the subject of contro,.crsy, 
,ye shall only say that there ha,-e been two eras, 
one in which inferior animals only existed without 
man" and the other in which we now li,-e, and in 
which our species are the principal inhabitants of 
the globe. This is admitted by all who have con- 
sidered the e,-idence; and t1lPY who the most 
strenuously deny the other doctrines of :Fossil Osteo- 
logy a,-ow their inlplicit bt'lief in the great propo- 
sition, that the relics of an age are cleariy di::;- 
co\-ered in \vhich man had no existence. 
X ow this position is nlost inlportant with a view 
to our present argument. It appears that there 
was a time when the Creator had not brouaht into 
b 
existence any being above the rank of the lower 
aninlals. It follows that the di,-ine wisdonl had 
not then thought fit to create any anilnal endowed 
with the intelligence and capacity and other J11ental 
qualities of the hunlan species. If an observer had 
been pl3.<:ed in that world, and been called upon to 
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reason regarding it, what would have been his 
reflections on the imperfections of animated nature? 
Yet, after a lapse of some ages, those defects are 
all supplied, and a lllore accomplished animal is 
called into existence. rrhe faculties of that ani- 
mal" and his destinies, his endownlents and his 
deficiencies, his enjoyments and his sufferings, are 
no,v the subjects of the observer's contemplation 
anù of his reasoninO'. 'Vhat o-round has he no,v 
c 
 
for affirnling that a more perfect creature may not 
hereafter be brought into existence-a creature 
lTIOre highly enùowed and suffering far less frOlll 
the evils of imperfection under \vhich our race no,v 
suffers so nluch? Noone can tell but that as many 
of the foruaer inhabitants of the globe are now 
extinct-tribes which existed before the hUll1an 
race was crpated - so this hUluan race itself 
may hereafter be, like them, only known by its 
fossil remains; and other tribes found upon other 
continents, tribes as far excelling ours in power 
and in wisdom as we excel the nlastodon and the 
megatherium of the ancient world. 
It is to be further observed, that no uncreated 
being can, by the nature of the thing, have any 
right to complain of not being brought into 
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existence earlier. The human race cannot COl1l- 
plain of having corne so late into the world; 
nor can any of the tribes created before us conl- 
plain that they were less perfect than a species, 
the hUlnan, which did not then pxist. I-Ia'
e 'We, 
then, the inhabitants of the present world, any 
better reason to cOlllplain that the new, as yet 
unknown, possible creatures of a future period of 
the nnin
rse ha,-e not as yet come into existellee? 
I t must be confessed that the extraordinary fact, 
now n1ade clearlyanù indisputably* known to us, of 
a \vorld having existed in which there were abun- 
dance of inferior creatures, and none of our own 
race, gives us every ground for belie,,-ing it l]ossible 
that Divine Proviùence n1ay hereafLer supply our 
IJlace on the globe with another race of beings as 
far superior to ourselves as we are to thenl which 
have gone before us. But how inconcei\-ably does 
this consideration strengthen and extend the suppo- 
sition broached in the Dissertation upon Evil! 
How strikingly does it prescribe tc us a wise and 
wholesome distrust of the conclusions towards 
which human irupatience is so prone to rush in the 


* The kind of controversy which may be raised, but never has 
been rais
ù 011 this point, is discussed in the next dissertation. 
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darkness of human ignorance! IIow loudly does it 
call upon us to follo\v the old homely maxim. u \Vhen 
)-OU are in the dal'k, and feel uncertain which way to 
mo'"e, stand still!" How forcibly does it teach us 
01 
that much-nay, that all which now we see as in a 
glass darkly, and therefore in distorted fonn and of 
disco]ourcd hue, nlay, when viewed in the broad and 
clear light of day, fall into fun proportion and 
shine in harn1onious tints !* 


* Dr. Paley, ill his twenty-fifth chapter, assumes, that when- 

ver a new country has been ùiscov
red, with new plants and 
animals, these are always found in company with plants and 
animals which are already known, and possessing the same 
general <!ualities. 
'l'om hence he derives an argument for the 
unity of the First Cause. l\1r. Dugald Stewart also infers from the 

uPI)Qsed identity of animal instinct!i in aU ages, that the laws of 
phJsicall1ature must have always ùeen t.he same, otherwise these 
unimals could 110t have continucd to exist. 
N ow, first, as to Dr. Pale;r"s assumption. It certainly appears 
too large, eyen as regards the existing sl)ecies and the pesent state 
of the globe; fur there seem to be some places where all the ani- 
mals are pl'cuI:ar. But be that as it may, the fact assumed is by 
110 means necessary fo
 the support of Dr. Paley's conclusion ill 
fa,'our of the Divine Unity. It is extremdy probable that in some 
former stages of our globe there were no animals whatever of the 
same tribes with those which to liS are familiarly known. Yet can 
there be any doubt that in their structure the same degree of skiU 
is observable as far as their only remains enable us to judge, and 
can we IH

itate to ùelieve, that were there other parts before us, 
we should in those find as much artist-like contrivance as in the 
t':x.i:,ting races of animals? Indeed we may So further and a
sel"t, 
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that there is every ground for supposing Ulat the same kind, as 
well as an equal measure of skill, is to be traced in the lost as in 
the existing tribes, and that, consequently, the characteristic 
a)"gument will equally apply here. The proof of this in the struc- 
ture of the alimentary canal, which Cuvier was not acquainted 
with, will presently 1'e considered. 
Second/yo 'Yith respect to the observation upon instinct, unques- 
tionably some doubt may be raised by the new discoveries; for we 
cannot feel any confidence in the assprtion that the animals, whose 
skeletons alone remain, were endowed with instincts similar to 
those now in being, more especially the tribes of anomalous 
description, such as the pterodactylus amI ichthyosaurus. 'Ye 
have never seen in life any animals combining the various forms 
which seem to have met in th
se extraordinary creatures. \\T e 
cannot, therefore, feel entire confidence in the belief that their 
babits or instincts resem bl
d those of any combination of animals so 
dissimilar,-still less can we comprehend a harmonious union of 
the instincts proper to birds with those peculiar to reptiles, which 
Jet the pter0l1act)"}i seem formed to obey. Dark, however, as is 
fhii department of the :subject, we have abundant ground, from the 
IJreponderating weight of analogy, for resting satisfied that all tl1t
ir 
iU!ltincts, whatever they may have been, were nicely adjusted to 
their bodily powers, and tbat both their bodies aud their instincts 
were as nicely adapted to the laws of matter and of motion. 


It would be improper not to mention at the close of this Analy- 
tical View, that the science of Palæontology was much il1d
bted 
to some able and learned men who were contemporaries of Cuvier. 
The examination of the Paris Basin, as regards its mineral cha- 
racter, was almost wholly the \fork of Brongnart. and it is allowed 
to be a model in that kind. Cuvier's brother, also, aLly assisted 
him in the botanical department. The JabCJurs of Lamarck in con- 
chology are so universally known as to need no further mention j 
and among oth
r names may be stated that of :\Iiller of Bristol, 
as having' made valuable coatributi,..ns to these inquiries. 
K 3 
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LABOURS OF CUVIER'S SUCCESSORS. 


l\iANY learned men 'v ere attracted by the dis- 
coveries of Cuvier, and de,'oted themselves to the 
cultivation of the sanIe science. During the last 
twelve or fifteen years of his life they had joined 
in similar pursuits" and many of his opinions were 
modified, and many of his researches were materially 
aided, by their diligent and successful inquiries. 
As far as regards the general connexion between 
Organic Remains and Geology, indeed, another 
inquirer had appeared in the field as early as him- 
self, the laborious, modest, and sagacious "'Tilliam 
Smith, a civil engineer, who, unassisted and almost 
unknown" had been prosecuting his researches into 
the mineral state of England, and performed cer- 
tainly the nlost extraordinary ,vork that any single 
and pri,.ate individual ever accomplished-the de- 
lineation of the strata of the whole country, in a 
set of underground maps, which he published in 
1815, and followed afterwards with a \vork upon 
the rolation between these strata and their Organic 
Renlains. Although the results of his investiga- 
tions \vere published thus late" he had many years 



CUYLER'S SUCCESSORS. 


203 


before comnlunicated the greater part of them 
freely to his private friends. It n1ust be confessed 
that few men of greater nlerit, or nlore unassuming, 
have ever adorned any walk of science, and few 
ha,-e ever made a l110re in1portant step in assisting 
the progress of discovery. 
The other able persons who have culti,
ated this 
branch of science are certainly endowed with 
greater learning, that is, book learning, than 1\lr. 
Smlth could boast of, beside attending closely to 
actual obsen-ation in the field. Some of then1, too, 
may fairly claim a high place as men of profound 
and original views. "There so many e:\.cel and prefer 
claims so undeniable to the gratituùe of the -world" 
it is invidious as well as difficult to Inake a 
elec- 
tion, the rather as, hal)l)ily, we still have the great 
benefit of their continued assistance. In Italy" 
Brocchi; in Switzerland, Studer, Hugi, Charpentier, 
and Agassiz" the able and zealous disciple to wholll 
Cu,"ier gave up the deparhnent of fossil ichthy- 
ology, when composing his work on Comparative 
Anatomy; in Germany, Von Buch, Kaup, Count 
l\Iünster" Goldfuss, Rosenmuller" 'Yagner, and the 
justly celebrated Hunlboldt; in Russia, Fischer; 
in Belgium, Burtin" OInalius" Dunlont; in France, 
Eeaunlont, Brongnart, Blainville, Prevost, Bouè" 
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Brochant, Geoflroy; and in England" Conybeare, 
l\Iantell" Lyell as incident. to his Geological Treatise, 
Clift, Delabeche, König" Hibbert, Broderip, Fitton, 
Bakewell" Greenough" Owen" l\lurchison, Professor 
Sedgewick, and Dr. Buckland. These, it is believed, 
are all, except Brocchi, fortunately still alive, and 
still acti\Tely engaged in the same interesting in- 
quiries, though sonle of them rather confinetheirstudy 
to the geological portion of the subject. If from 
the brilliant assenlblage the names of Sedgewick 
and Buckland were selected, but" as regarding 
Fossil Osteology" the latter especially, private friend.. 
ship could harùly be charged with officiously as- 
sunling to ùe the organ of the general voice-but, 
indeed" to record such merit Inight well seem pre- 
SUDlptuouS, where the panegyric is far less likely to 
reach after tinles than the subject of its l)raise. 
The labours of Cnvier's successors" as far as 
regards his doctrines, belong to one or other of 
three classes: to the progress which they ha,-e 
made in examininO" the fossil remains of fornler 
o 
\vorld5, or conditions of our globe;* to the argu- 
nlents which they have advanced in opposition to 
or in support of his theory respecting the relation 


* The notes to the Analysis of Cnvier contain statements of 
the numbers of l1ew species discovcred since his time. 
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that subsists between those anin1al renlains and the 
strata in which they are found; and to the argu- 
ments aùduced for or against his opinions respect- 
ina the fornlation and aO"e of those strata. It nla y 
o b 
be proper to lnention the things done under each 
of these heads, although the last is of comparati,-ely 
little importance to the purpose of the present 
work, and the second is of considerably less nloment, 
as regards Cnvier's proper subject" than the first. 
I. AI110ng the extinct Inamlnalia of the pachy- 
dernlatou3 order, we Inentioned one which Cu,-ier 
referred to the tapir genus, but pronounced to have 
beEn of it gigantic size. He only had seen the ja
v 
teeth of the aninlal. But since his tinle other inl- 
portaut parts ha,"e been found, chiefly at Epples- 
heinl, in Hesse Darnlstadt; and a genus Dinotlte- 
1.iulll (having four species) has been established, of 
which this species is ternled gi'ganteu771, his length 
having been apparently not less than eighteen or 
nineteen feet. IIis distinguishing peculiarity is the 
ha,-ing two enornlOUS tusks, which are bent down- 
wards like tho:,e of the \\ alrus, but are placed at 
the front end of the lower jaw, so as to bend below 
the chin. Dr. Buckland has shown by Inost 
cogent argnnlents that he nlust have lived chiefly 
in the water, and these tusks in all probability were 
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used in supporting hin1" anchored as it \vere" to the 
side of the river or lake while his huge body 
floated" as ,veIl as employed in digging for the 
roots upon which his teeth sho\v that he fed. 
Notwithstanding somewhat . scanty materials" 
Cuvier had described and" as it were, restored the 
nlPgatherium \vith extraordinary skill. But a 
further illlportation of bones from South America 
has enabled observers in this country to thro\v some 
adclitionallight upon the structure and habits of this 
singular animal. These bones were found in the bed 
of the river Salados in Buenos Ayres, a succession 
of '"ery dry seasons having brought the ,vater un- 
usually lo\v. Mr. Clift" of the Surgeon's l\fuseunl J 
a most learned and skilful comparative anatomist" 
and pupil and assistant of John Hunter, examined 
thenl fully, and found many very singular particulars 
not before kno\vn respecting this animal. Among 
other things it appears to have a bony IJartition be- 
tween its nostrils (septunl narium) like the rhinoceros 
tichorhinus. The structure of its teeth indicates 
that they are fonned by perpetual growth like the 
elephant's tusks" and not like his teeth by renewal. 
The enormous size of the tail never could have 
been conjectured from the analogy of the elephant 
and other pachydermatous animals. It was com- 
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posed of vertebræ, of which the one at the root had 
a dialneter of seven in.ches, and the diameter from 
the extren1Ï ties of the processes was no less than 
twenty-one inches. If then allowance be nlade for 
the D1uscle anù int
guments, it could not have been 
less than two feet in diameter at the root, and six 
feet in girth. There can be little doubt that it \yas 
used both as a weal)on of defence and to support 
the anin1al in conjunction with part of his large 
feet, while the others were employed in digging or 
scraping away the earth in quest of his food. 
The fore feet were a yard long, and the bones of 
the fore legs were so constructed that the linlb 
could have a lateral or rotatory horizontal move- 
ment for the purpose of shovelling away the soil. 
The bone of the heel is also of extraordinary length. 
The proportion of hi
 bones to those of the elephant 
is very remarkable. The first caudal vertebra in 
the nlegatherium being twenty or twenty-one inches" 
in the elephant it is barely seven. The circunlfereuce 
of the thigh in the forriler is two feet two inches, in 
the latter one foot. The expanse of the os illii ill the 
former no less than five feet one inch" in the latter 
three feet eight inches. The bony cover of the hide 
has also been now Inore fully examined. It was 
about an inch in thickness, and so hard as to resist 
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all external violence. The cumbrous 1110venlents of 
this unwieldy creature exposing it to many kinds of 
danger" the hide served to defend it frolll some ene- 
mies, and the weight and strength of its limbs and tail 
enabled it to destroy others; escape fronl any by 
flight being quite impossible. :)\11'. Clift infornls 
Dle that he has founù in the region of the pelvis 
small IU111pS of adipocire. So that we have here 
an additional instance of the softer parts of an 
extinct anilual still preserved in a state to which 
flesh is now often reduced by decomposition in 
,vater. 

Ir. Darwin (grandson of the celebrated phy- 
sician and poet) has found in South America many 
interesting remains. Among these ar
 the bones 
of an edentate, between the nlegatherium and arma- 
dino (largest kind); those of a huge rodent in 
size equal to the hippopotamus; and those of an 
ungulate quadruped the size of a camel" and 
forn1Ïng the link between that class and the pachy- 
dermata. 
In the Has stratull1 of Lyn1e Regis there was 
found in 1828" by l\liss Anning (to whose skill in 
drawing, as well as her geological know ledge" 
Cuvier often acknowledges his obligations), a ne,v 
species of pterodactylus with very long claws, and 
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hence Dr. I3uckland gave it the name of Pte/". 
jJIacronyx. It appears to have been the size of a 
raven. 
In 1824, 1\lr. l\lantell discorered in the Ti1gate 
sandstone, in Sussex" the remains of an herbivorous 
reptile allied to the iguana genus" but vastly larger; 
and he gare it the name of Iguanodon.* Other parts 
of the aninlal have since been found in different 
places, as in Purbeck" and in the Isle of 'right. 1\lr. 

Iurchison found a thigh bone three feet seven inches 
long; anù in 1829, a metacarpal bone, of six inches 
10no- bv fixe wide" was found in the iron sand, and 
ð 01 
a vertebra as large as an elephant's. The opinion 
ofCuvier referred the large thigh bone clearly to !\Ir. 
j\Iantell's reptile" wnose dinlensions nlnst therefore 
ha'"e been enormous, though it. was not carnivorous. 
In 183-1, a large proportion of the skeleton "-as 
found iu the Rag quarries" near 1\Iaidstone. 
This confirnled all the pre".ious conjectures as to 
the bones separdtely disco'gel'ed. The length of 
this nlonstrous reptile is calculated to have been 
seventy feet from the snout to the tip of the tail, 
the tail to ha'"e been fifty-two feet 10nO', and the body 
.. 0 .. 
fourteen feet ronn(l.;- 
Ir. l\Iantell also discovered 
* This discovery had been made before the last edition of 
Cuvil"'s book, and is mentioned, though shortly, in the Analysis. 
t Geol. Trans. K. S. vol. iii.l,t. 2. 
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in 1832, in Tilgate Forest" the renlains of a lizard, 
which may have been hventy-fh-e feet long, and was 
distinguished by a set of long, pointed, flat bones on 
its back, some rising from it as high as seventeen 
inches in length. He called it Hylæosaur'lls" fronl 
being found in the \'7 
ald. 
There were found in 1836, a great collection 
of fossil bones in the deparbnent. of Gel's, in 
France" in a tertiary fresh-water fonnation. Aboye 
thirty species" all maulnlalia, were traced, and of 
these the greater part were new extinct aniu1als" 
but all were of extinct kinds; two sl)ecies of 
the dinotheriunl; five of the n1astodon; a new 
animal allied to the rhinoceros, and another to the 
anthracotherium; a lle,v edentate; and a new genus 
between the dog and racoon; but the most singular 
and ne,y of the whole is the unùer ja,y of an ape, 
which appears to have been thirty inches in height. 
But we nlust be ve y cautious in giving our assent 
to this" until we are better inforn1ed of the position 
where the jaw was found. It is certainly possible; 
Lut after the history of the Gaudaloupe skeleton" 
clearly huulan, as clearly found among fossil re- 
mains, but no,v universally admitted to have been a 
recent deposit" we lnay panse before concluding 
that a deposit contrary to all other observations of 
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fossil bones should have occurred in any tertiary 
fornlatioll. * 
In the tinle of Cuvier, at least before the conl- 
pletion of his great work, our knowledge ,vas so 
scanty of the fossil osteology of the East, that we 
douùt if any allusion to it is ever made by him. 
Three nlost ilnportant contributions to this branch 
of science have since e
tended our knowledge in that 
direction, and a rich addition may soon be expected 
from 1\lr. Clift's labours upon a large recent arrival. 
The first was by nlyexcellent friend 1\11'. Crau- 
furd, who, travelling ill. the Burman empire, was 
fortunate (\l1ough to disco,.er a great number of 
fussil ren1ains near the river Irawadi. These he 
generously gave to the Geological Society, aud 

fr. Clift procceded to exan1ine thenl with hi:; 
wonted assiduity and skill. Anlong them were 
traced two new species of mastodon, in addition to 
the 1\1. gigas, and l\I. angustidens, of Cuvier. One is 
teflued by 
lr. Clift Latielens" from the breadth of 
his jaw tceth; and the bones of his face exceed in 
size those of the largest Indian eJephant. The other 
* I have lately se
n an appearance of a stratum of calcareouS! 
matter, which a cursory observer would certainly have supposed 
to be a natural deposit in the ground; but its history was known 
from some rubbish through which lime had filtered, when pa.rt of 
Buckingham House was built, auù the1"l
 wel"e bricks, tiles, &c., 
undernea.th it. 
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he caìls ill. EleJ}ltantoides, because his teeth ap- 
}lroach much nearer the elephant's than those of 
Cuvier"s s}1ecies" or of the Latidens. rrhis animal 
appeal"s to have been S111aller than the elephant. 
A hippopotanlus smaller than the li,-ing allin1al, a 
rhinoceros, a tapir" and others, have also been 
traced among these renlains, as have a new lizard 
near the garial, and a crocodile near the COl1UTIon 
aninlal. * 
The second of these disco\"cries was n1ade on the 
north-east Lorder of Bengal, at Cari,-ari, near the 
Brahn1a-putra ri,-er. The ren1ains ,,-ere exan1ined 
by l\Ir. Pentland. He traced a new species of 
authracotheriuln" which he calls Sili.çestre, a new 
carniyorous animal of the '" easel tribe, and a 
pachydermatous animal nluch smaller than any 
hitherto known" either li,"ing or fossil. t 
The third and nlost ren1arkable of these col- 
lections is one dis
o\Yered in the l\larkanda valley, 
and the Sivalik hranch of the IIitnalaya lUOUll- 
tains, in the year 1835. The curiosit.y of naturalists 
in India was immediately roused, and their industry 
directed towards the subject with that ardour which 
the relaxation of a sultry clilnate never abates" and 
that con1bined perse,-erance and ability ,vhich has 


,;c Geol. Trans. N. S. yolo ii. l)t. 3. _ t lb. 
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ever marked the areat 111en of our eastern set tle- 
o 
nlents. Dr. l?alconer and Captain Cautley have 
chiefly signalized themselves in this worthy pursuit; 
,"aluable aid has likewise been rendered by 
Lieut. Durand; and the result of their labours 
occupies one-half of the Asiatic Re3earches for 
1836. 'I'hey found first of aU a new an inIal" of the 
runllnating c1ass, whose skull is the size of a large 
elephant's" and which has two horns rising in a pe- 
culiar nlanner from between the orbits, with an 
orifice of great breaùth and an extraordinary rising 
of the bones of the nose. They gave it the naUle of 
Sivatllerill1ll, froln the place of its disco,-ery, dedi- 
cated to the deity Siva. The breadth of the skull 
is twenty-two inches. Dr. Buckland has no doubt 
that it must have had a trunk, sonlethinO" interme- 
o 
diate between the elephant's and tapir's. They 
next found a hi11popotamus of a new species, dis- 
tinguished by having six incisi\-e teeth, and a skull 
nlaterially different frOlTI the other species" whether 
living or extinct. A new species of tiger was also 
discovered, which they called Felis Cristata, dis- 
tinguished chiefly by the great height of the occi- 
pital bone. In the same place with these bones 
,,-ere found renlains of the nlast.odon" and other 
lulown species of extinct animals; but the most in.. 
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teresting disco\ ery was that of a camel, of which 
the skull and jaw' were founù. It is to be observed 
that no decisive proof of any of the Call1elidæ, either 
camel, dron1eè1ary, or llama, had ever been hitherÍo 
found an10ng fossil bones" although Cuvier had. 
pro\red certain teeth brought fron1 Siberia to be 
undoubtedly of this family, if they were really fossil, 
which he doubted. This discovery ill India was 
therefore extren1ely interesting, as supplying a want- 
ing genus. But for this very reason it becallle the 
more necessary to authenticate the position of this 
supposed camel's remains the lllore clearly" espe- 
cially as there ".ere abundance of existing camels 
in the country, lrhich there could not be in Siberia. 
The Indian account is sonlewhat deficient in this 
respect
 leaving us in doubt whether the bones, ad- 
n1Ïtted to bear a very close reselllblance to the 
living species, were found in a stratum or loose and 
detached. * 
Beside all these additions to our knowledge of 
species and genera" two remarkable observations or 
sets of observations have been first made by osteolo- 


* Asiatic Researches, vol. xix. pt. 1. Still more recently, it is 
said, a bone of the genus Junia has been found in the Sivalic 
Hills, and another in digging at Calcutta; but the particulars are 
unknown to me. 



CUVIER'S SUCCESSORS. 


215 


ai
ts since the time of Cuvier. The one of these is 
b 
tl:e tracing of footsteps, the print of 
'hich has been 
left by aninlals upon the sand, or other nlaterial of 
the strata, while in a soft state. The other is Dr. 
Euch.land's st.udy of the intestines from their fossil 
contents, which he has called coprolites. * The first 
of these curious inquiries is conducted by observing 
tIle impressions which the softer and more destruc- 
tible IJarts of aninlal
, whose ,-ery race has been 
extinct for ages, made upon the earthy strata of a 
former world; it is the object of the other inquiry 
to ascertain from the petrified fæces bearing the 
Ï1npress of the alinlf\ntary canal, the internal struc- 
ture of extinct aninlals; and both subj ects are cer- 
tainly calculated powerfulJy to arrest our attention. 
The footsteps, it appears, were first observed by 
my re\gerend and learned friend, Dr. Duncan (to 
whom the country is also so deeply indebted as 
the author of savings' banks)", in Dumfriesshire. On 
examining a sandstone quarry, where the strata lay 
one over the other, or rather against the other, for 
they had a dip of forty-five degree
" he found 
these prints not on one but on Inany successive 
layers of the stone; so that they n1ust have been 
made at distant periods from each other, but when 


* KO?t'eD
, fæees; ÀIOO
, stone. 
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the strata were forming at the botton1 of the sea. 
No bones whatever have been founù in those quarries. 
Sirnilar in1pressiong, though of smaller anin1als, 
ha'9c been ob'Serveù in the FOl'est nlarble beùs near 
Bath. The n
arks found in Dun1friesshire, of 
which there were as many as twent.y-four 
n a 
single slab, formpd as it were a regular track with 
six distinct repetitions of each foot" the fore and 
hind feet having left different inlpressi0ns and the 
marks of the claws being discernible. They appear 
to haye been made by some animal of the tortoise 
kind. * But sin1ilar 111arks have since been found 
in other parts of the worlù. At I-Iessberg, in Saxony, 
they have becn disco\gered in quarries of grey and 
red sandstone alternating; the n1arks are nluch 
larger than those in Scotland, and 1110re distinct. In 
Clìe the hind foot measures twelve inches in length, 
anù the fore foot is always much smaller than the 
hind. From this circumstance and fron1 the distance 
betwcen the two being only fourteen inches" it is 
conjectured that the anin1al was a n1arsupial, 
like the kangaroo. But. one of the Inost renlark- 
able circunlstances obser\-ed is, that. the uPIJer 
stratunl has con\"ex marks answering to the COllca- 
yity of the lower slab on which it rests" clearly show- 
* Ediu. R. S. Tl.ans. 1828. 
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ing that. the former was deposited soft after the latter 
had been first printed by the foot in a soft state and 
then sOlllewhat hardened. Dr. Kaup has ternle{l 
the large unknown anÌ111al Chirot/wrium, t frolll the 
supposed reselllblance of the four toes anù turned 
out thulllb to a hand. In the summer of 1838 
silni]ar footsteps of the chirotherium, and of four 
or :five slllall lizards and tortoises, with petrified 
vegetables of a reedy kind" have been observed 
in the new red stone at Storeton Hill quarry in 
Cheshire" near Liverpool. A disco\Tery has within 
the last two years, been made in the state of 
Connecticut, near l\" orthanlptol1, where the footsteps 
of various birds, differing exceedingly in size, arc 
found in inclined strata of sandstone, and evidently 
n1ade before it assumed its I) resent position. The 
111arks are always in pairs, anù the tracks cross 
each other like those of ducks on the nlargin of a 
muùdy pond. One is the length of fifteen or six- 
teen inches" and a feathery spur or appendage ap- 
pears to have been attached to the heel, eight or 
nine inches long, for the 1Jurl)ose of enlarging the 
foot's surface, and, like a sno".-shoe, lu"eyent the 
allin1al's weight from sinking it too deep. The dis- 


* Xu
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tance between .the steps is proportioned to their 
length, but in every case the pace appears to 
have been longer - than that of the existing species 
of birds to ,vhich they approach nearest" the 
ostrich. Consequently" the animal n1ust have been 
taller in proportion to his size. l-Iow much larger 
he ,vas than the ostrich may be gathered froln this" 
that the large African ostrich has only a foot of ten 
inches long, less than two-thirds of this bird" and 
yet stands nine feet high. These proportions 
,,'ould gi,"e a height of fourteen feet to the extinct 
animal. Some of the footsteps in the Storeton Hill 
quarry are eighteen inches in length. In the Forest 
marble of Bath the footnlarks of sDlall l11arine 
animals are descried. 
In examining the inside of the iehthyosaurus, the 
half-diO'ested bones of the animals on which these 
o 
ravenous creatures preyed are found in large n1asses. 
But there are also scattered in great abundance 
among their fossil remains the fæces which they 
voided; and these being in a petrified state have 
preserved the very form of the intestines in minute 
detail. The fæcal matter is generally disposed in 
folds" wrapt round a central axis spirally. Some 
of these coprolites exhibit the appearance of con tor- 
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tion, and sho'w that the intestines of the animal were 
spirally twisted; others" especially the s1l1aller ones" 
give no such indications. The scales and bones of 
the prey are distinctly to be traced in the nlass; 
these are the remains, undigested, of contempo- 
rary fishes and reptiles" including s111aller ones of 
the beast's own tribe, on which he appears to have 
fed, as well as on other species. rIhe light which 
these coprolites throw upon the structure of the ani- 
mal's intestinal canal is sufficiently renlarkable. 
The intestines are proved to have been formed like 
an Archimedes' screw, so that the alilllent in passing 
through was exposed within the smallest space to 
the largest surface of absorbent ve
se15" and t.hus 
drained of all its juices, as we find in the digestive 
process of living aninlals. The sin1Ílar structure of 
the intestinal canal in the sharks and dogfish now 
existing has been noticed by naturalists; and Dr. 
Paley expressly refers to it as making conlpensation 
by its spiral passage for its being straight, and conse- 
quently short, cOlllpared with the intestinall)aSsage 
in other animals. \Ve also can distinctly trace in 
these coprolites the size and form of the folds of the 
mucous membrane that lined the intestines, and of 
the vessels which ran along its surface. As there is 
L2 
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no part of the aninlal frame D10re easily destruc- 
tible than the D1UCOUS 11lenlbrane and its \gessels, the 
preservation of its casts is certainly a peculiar 
felicity for the physiologist. Sin1ilar obser,"ations 
ha'9c, since Dr. Buckland's discovery, been made 
upon the coprolites of fossil fishes, in the Lynle 
Regis lias, in Sussex" in Staffordshire, anù near 
Edinburgh. In sonlè places they take so fine a 
})olish that lapidaries ha,-e used then} for cutting 
into ornaillental wares. One of the Inost singular 
coprolites was found by Lord Greenock (an as- 
siduous and successful culti,-ator of natural science) 
between the lan1Ìnæ of a block of coal near Edin- 
burgh, and surrounded with the scales of a fi
h 
r
cognised by Professor Agassiz as of contenl- 
porary origin. To these obsCITations a very curious 
addition has been l11ade by the Professor" who 
found that the worn1-like bodies described by Count 
1\Iunster, in the lithographic slate of Solenhofen, 
are in fact the petrified intestines of :fishes, and he 
has also found the saIne tortuons bodies occupying 
their ordinary position between the ribs in some 
fossil relnains. lIe has nallled then1 Coleoliies;* 
and certainly the representation gi,-en of then1 in 


* K"'^D
, the great intestine. 
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the drawlnO" reseulbles an actual intestine as accu- 
o 
rately as if it were the portrait of it. 
'''"hen Curier abandoned to Professor Agassiz 
the whole department of Fossil Ichthyology he 
showed as happy and jnst a discernment of living 
character as he ever displayed in the arrangement 
and appropriation of aniulal renlains. That ad- 
Dlirable person has am ply earned the honour 
thus bestowed on him by devoting his life to this 
extensive" obscure, and difficult study. The re- 
sults of his laborious researches hare been from 
time to tin1e published in a great work upon fossil 
fishes; but as the arrangement followed as yet in 
the publication necessarily leares the se\-eral parts 
incomplete, a distinct and satisfactory view of the 
whole cannot be formed unt.il the work is finished. 
Some of the discoveries, howe,-er, which bear upon 
the subject. of our present inquiries nlay be shortly 
describeù. The inlportance of the stuùy to fossil 
geology is nlanifest from this" that the class of fishes 
being continued through the successive periods of the 
different fortnations, while those of land animals are 
confined each within certain limits, and the fishes 
being also inhabitants of those waters in which all 
the aqueous deposits once were contained, we are 
enabled by Fossil Ichthyology, through various 
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periods of the earth's formation, to pursue the 
companson of a vertebrated animal's condition in 
each stage. 
. 
The Professor's classification is founded upon the 
form of the scales, which are adapted to the struc- 
ture of each tribe" and afford a l)erfectly scientific 
principle of arrangement. He thus divides the 
whole into four orders :-the Placoideans* 'whose 
scales are irregular enamel plates more frequently 
broad, but varying in dimensions down to a point 
or prickle; the Ganoideanst 'with angular scales 
of bone or horn thickly enamelled and shining; 
1he Ctenoideans! with comb-like scales ha,-ing a 
jagged edge and no enamel; 9 the Cycloideans,1I 
whose scales are snlooth at the edge and conlposed 
of horn and bone, but unenamelled.' 
There were in all 8000 species of fish enulllerated 
"by Cuvier
 of which more than three-fourths, or 
6000" belong to the two last classes, and no one of 
either of these classes has ever been found in any 
formation anterior to the chalk; so that the 'whole 
of these 6000 kinds of fish have, to an appearance" 
been called into existence at a period long after the 


* nÀ"
, a tablet or plate. 
t K'TEI
, a comb. 
II KtJ,,^o)", a circle. 


t r"vo;, brilliancy. 

 Perch belong to this class. 

 Salmon and herring are of this class. 
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prin1Ïtive, the transition, and all but the latest 
sccondary fornlat.ions. On the other hand" and in 
the' earlier times of the secondary and transition 
strata, there existed species of the other two orders" 
which have comparati\Tely few representatives sur- 
\-i\-ing to our days. The Professor has thoroughly 
examined 800 fossil species of these two orders" 
and finds not a single exception to the rule thus 
laiJ do\'rn for the relation between different species 
of allinlals and successive formations of strata. * 
I-li
 deductions received further corroboration by 
the examination of 250 species, all of ne,v and ex- 
t.inct fishes, submitted to hinl in EllgÌancl, and 
which were" for the most part, found in this country. 
The analogy in this respect between the resu1ts of 
Fossil Ichthyology and those of Cuvier's Researches 
i;:; striking throughout. In the Ìower deposits of 
the lias there are found the remains of the great 
sauroid fishes analogous to the fossil Ìizards of the 
same strata. l\lore than two-thirds of the fishes 
found in the chalk strata are of genera no,v extinct. 
These extinct genera" however, of the newest 
secondary strata approach more nearly to the fishes 
of the tertiary strata than the fishes found in the 
oolite or Jurassick formation; insonluch that the 


* Rapport sur les Poissons }"ossiles, 1835, p. 38. 
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professor IS disposed to range the chalk and 
greensand nearer to the tertiary than secondary 
formations on this account. Not a single genus 
. 
even of those 'whose species are found in the Juras- 
sick deposits is now known among existing fishes; 
nor is there a singlc species" and but few genera 
common to the chalk" and the older tertiary 
strata. A third of those found in the strata of the 
later tertiary formation" as the Lonùon clay and 
the coarse linlestone of the Paris Basin" are of 
extinct genera. The Norfolk crag and upper 
sub-apI)ennine formation have" for the most part." 
genera found in the tropical seas; the tertiary 
formation generally approaches nearest to our living 
species" but the Professor affirms that, except one 
small fish" found in modern concretions on the 
coast of Greenland" not a single species exactly the 
same with those of our seas is to be found in a 
l)etrified state. This continued analogy is very im- 
}Jortant in a geological view. 
In a zoological view it would be endless to 
attenlpt any analysis of the Professor's res
arches. 
Anlong the extinct species no less than 150 be- 
longed to the fan1Îly of sharks" w hose services, in 
keeping down the increase naturally so rapid of 
fishes" have been required in all ages of the ocean. 
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Different kinds of shark" however, appear to have 
belonged to different periods. Of the three sub- 
families into which the Professor divides the gl'eat 
class of sharks, the first is found in the earliest 
period of organic remains" the t.ransition st.rata, and 
continues till the beginning of the tertiary, but 
there is no,v only one species of it existing, and that 
is founù in New Holland. The second sub-family 
begins probably with the coal formation, and ceases 
when the chalk commences. The third begins with 
the chalk, and cont.inues down through the tertiary 
formation to the present time. The form as well as 
the size of the extinct species differ in most things 
materially from the living, and in no respect do 
they vary more than in their covering or scales. 
As the coprolites enable us to ascertain the 
interior structure of the extinct reptiles, so do they 
throw light upon that of fishes also, those especially 
of the sauroid or lizard-like kind. 'Ve have even 
instances of their intestines being partially preserved 
by some fortunate accident. An example near 
Solenhofen has been mentioned already. A speci- 
men was found in Sussex, where the stomach" 
with its different n1embranes, was retained. I n a 
number of fishes found in the Isle of Sheppy the 
L3 
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bony capsule of the eye ,vas found entire; and in 
sonle other instances the plates {orming the gills or 
branchiæ are perceivable. 
It thus appears that great and important addi- 
tions have been Dlade to this interesting science 
since Cuvier, who may properly be ternled its 
founder, ceased froln his labours. But it would 
not be proper to pass from a consideration of the 
services rendered by his successors, without making 
mention of one illustrious inquirer" a Dlan of truly 
original genius, ,vho preceded him by a few years. 
John Hunter, whose unrivalled sagacity seenled 
destined to cast a strong light upon ,yhate\
er walk 
of science he trode, had turned his attention, as 
early as 1793" to fossil bones, in consequence of a 
collection sent to this country by the l\largrave 
of Anspach. He described and commented upon 
them in detail ,vith his "Tonted acuteness; he 
adopted the same 
"1fe and natural course which 
Cuvier after,vards pùrsued with such signal success" 
of examinin g the known bones of existing species 
as well as those su bn1Îtted to his consideration; 
and it appears, from some of his concluding remarks, 
that he l)erceived distinctly enough the specific 
difference of the fossil aninlals, at least of sonle 
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anlong then1. Thus, having compared the fossil 
skull of a supposed bear with that of a ,vhite bear 
which he had procureù from the owner of the 
aniolal while alive, he gives an accurate drawing of 
both, and marks their dirersities, indicating his 
opinion that the fossil anin1al differed fronl all 
known carnivorous animals. * \Vho does not per- 
ceive that he was on the right track" and would 
have reaped a plentiful harvest of discovery, had he 
devoted hinlself to the general investigation of the 
subject ?t 
II. The speculations of succeeding zoologists or 
cOlnparative l)hysiologists have not only made no 
inlpression upon the anaton1ical results of Cu,.ier's 
inquiries, but they never appear to have been pointed 
towards that object. Considering the numberless 
instances in which he had to draw his conclusions 
or to fornl his conjectures from a very in11)erfect 
collection of facts, it is wonderful how constantly 
the fuller 111aterials of hi" followers have con- 
firmed his inferences. But geological inquirers 
* Phil. Trans. lï94, p.41I. 
t In the Hunterian l\Iu:3eum there is a large collection of fossil 
organic remains, selected with consummate skill, and showing the 
attention bestowed by this great man on the most delicate parts 
of organization which they exemplify. 
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have occasionally impugned his doctrines respecting 
the relation of the classes of anilnals to the succes- 
sive forn1ations of the strata that incrust our globe. 
It has been denied by some that any such relation 
at all can be truly said to exist. There seems, 
however" no possibility of lnaintaining this position, 
whether we agree wholly with Cnvier or not in the 
detail of his statements. For the fact is undeniable 
that SOllIe strata, let them hare been arranged in 
,vhatever succession" fonned and placed by whatever 
causes, contain the remains of certain classes of 
animals which are not to be found in other strata. 
It is another fact equally indisputable, that no 
animals now exist of the same kind with the greater 
part of those founù in any of the strata. This 
appears to connect the different races of animals 
"rith the different strata. But it is said that this is 
not a chronological connexion" and affords no evi- 
dence of strata having been formed rather in one age 
than another. Ifit were so, there still would remain a 
foundation for the position which merely affirms a re- 
lation behveen organic rernains and strata. But is it 
true? The principal reason assigned is" that although 
110 anilnals of a certain kind are found in certain 
strata, supposing those strata to have been formed at 
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a given period, the animals of the kind in question 
may have perished so as not to have been washed 
into the sea or other water in which the earthy 
matter was mixed, and from which it was deposited. 
N ow" not to mention that this bare possibility 
becomes ilnprobable in the degree in which the facts 
are- multiplied and the observations of aninlals and 
strata extended, the researches respecting fossil 
. fishes seem to negative the objection entirely. For 
if the different strata were made by the sea, and 
contain totally different remains of marine animals, 
it is clear that each must have been formed respect- 
ively in a sea inhabited by different animal tribes. 
The strict parallelistn" too, which is observed 
between the connexion of different races of animals " 
and that of fishes with different strata" lends the 
strongest confirmation to Cuvier's doctrines. 
Ingenious and laborious attempts have been made 
to show, that though many races of animals are no,v 
wholly extinct, the evidence fails to prove the non- 
existence of any race (except our own) at a pre- 
ceding period; in other words, to disproye the pro- 
position that many of the present races came for the 
first time into l'xistence at a period subsequent to 
the time when we know that others existed, always 
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excepting the hunlan race, which it is admitted we 
have sufficient reason to believe did not exist in the 
earlier stages of the globe's formation. It cannot, 
howeyer, be denied, first" that the extinction of many 
races of animals, which is admitted" affords a O"round 
o 
of itself for thinking it probable that new ones should 
be found to supply their places; secondly, that there 
seems nearly as little reason to regard the utter 
extinction of some classes as n10re improbable than 
the forn1ation of others; thirdly, that the admitted 
creation of man destroys the \vhole support which 
the objection might derive from a supposed uni- 
formity of natural causes, always acting, and 
renloves the difficulty said to exist, of assuming 
different sets of principles to be in action at different 
periods of the \yorld; fourthly, that the great 
number of facts \vhich have been observed, all point- 
ing uniformly in one direction, cannot be got over by 
suggesting n1ere possjbilities for explanations. The 
improbability is extreme of one set of aninlals haying 
existed at the san1e age \vith another set, \vhen 'we 
find certain strata having the traces of the former 
without any of the latter, and vice 1"rJ'sá. This in11Jro- 
bability increases in prolJortion to the number of the 
species. If these exceed hundreds, and eren alllount 
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to many thousands", the improbability becomes so 
great as to reach what, in COnllll0n language, we 
term a 1110ral impossibility. Now, there are 6,000 
kinds of fishes, of which not one specimen is to be 
found in any of the formations preceding the chalk. 
But suppose we layout of view all question of one 
forll1ation being older than another, there are certain 
strata in ,vhich none of those species are found. 
There is no disposition to deny that these strata. 
were formed in the water; therefore, at whatever 
tÎ1ue they were suspended in the water, that water 
at that time contained none of those 6,000 kinds 
which now people it. Then from whence did they 
all come if they existed at that l)eriod, and yet 
were not in the water when the strata were formed? 
But it is equally admitted that the water in those 
days contained D1any other kinds of fish no,v 
extinct, and found only in certain strata" and it 
contained some few which we find in other strata, 
and some which are still to be found in the sea. 
Can anything be more gratuitous than to suppose 
that all the fishes of a certain class were destroyed 
at the formation of those strata, while all those of 
another class were afterwards brouO'ht fro1l1 a dir- 
o 
ferent part of the sea to succeed the last ones, and a 


" 
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certain small number survived to mIX ,vith other 
strata, or eren to last till now? 
The only sound objection that can be taken to the 
theory, is that to which the absolute assertion of the 
fact is liable. \Ve can easily ascertain that certain 
species are no longer to be found living on the globe 
But we nlay not be so well able to affirm with certainty 
that certain fossil genera of one formation may not 
hereafter be found in another, or, which is the sanle 
fact. in another form, that certain living species may 
not be traced among fossil remains. Thus the small 
family of the camel was wanting in all our fossil col. 
lections till the late discoveries in the IIirualaya 
mountains have made it probable that a species of 
this class may be found to have existed there with 
the mastodon and other extinct rnanlmalia. This 
is possible, perhaps likely. So an ape's jaw is sup- 
posed for the first time to have been found in a fossil 
Led in France with other races" and no quadrumane 
had 
rer been before traced in any part of the fossil 
,vorld. The IJroof of this discorery is, however, as 
yet" inrolved in some doubt" a
d even were it more 
Frecise, we should only have hvo instances in which 
the negative evidence had failed, leaving a multitude 
of others, hundreds of land and thousands of sea 
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anin1als, of which no representath"es are to be traced 
among the fossil remains of any country. It nlust 
always be recollected that the whole argunlent rests 
upon probability" n10re or less high. Even as regards 
the admitted non-existence of the human species, 
the mere evidence of osteological researches is not 
demonstrative; for although it is quite cert.ain that 
amon (1' the thousands of animal remains which have 
o 
been discovered and carefully examined, not a frag- 
ment of a hun1an bone is to be found, it is barely 
l}ossible that in sonle del)osits as yet unexplored the 
skeleton of a man may be discovered. ",r e have at 
present only to make our inference square with the 
facts; to affirnl that, as far as our knowledge 
extends, there is no such relic of our race in the 
earlier strata of the globe; and to conclude that, 
considering the extent of past inquiries, the regu- 
larityof the connexion between other races of dif- 
fercnt kinds and various strata, and the portions of 
the earth over which our researches have been 
carried, the very strong presu111ption Ís against any 
such contradictory discovery being hereafter made. 
III. \Vhate\"er opinion men nlay fornl upon the 
question raised by some antagonists of Cuvier's 
geological doctrines, all must allow that consider- 
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able light has been throw.n upon the :
;ubject of 
discussion by their labours. I ndeed a considerable 
addition to our kno\vledge has been made by some 
. 
of these able and learned men" even adn1Ïtting that 
they have failed to impugn the theory, and taking 
the facts which they have ascertained as forming an 
addition" by no nleans inconsistent with it. Thus 
the valuable work of IVlr. Lyell has" in two essential 
respects" greatly advanced geological knowledge. 
He has examined" with a much more nlinute atten- 
tion than had ever before been given to the subject, 
the action of the physical agents actually at \vork 
before our eyes, and has shown ho,," extensively these 
Inay operate upon the structure of the earth's surface. 
It may be admitted" perhaps, that Cuvier had son1e- 
\vhat underrated their power, although the reader 
nlay still retain his opinion, that the force ascribed 
from the facts to those ordinary IJhysical powers is 
inadequate to produce the effects \vhich the IJheno- 
nlena present; that all the violent and sudden actions 
known on the globe are topical, being confined 'Within 
con1paratively narrow lin1Íts,and that the SUPIJosition 
of sudden and even instantaneous change on a vast 
scale in former periods has been too lightly taken 
up. Indeed, unless we suppose such changes as 
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might happen from the disruption of a continent 
united by a snlall neck of land, like that which 
may be found once to have joined Gibraltar and 
Ceuta" it seems hard to imagine how a tract of 
country, extending from Holland to beyond the 
Caspian" and from Scandinavia to the Carpathian 
mountains" could be drained of the sea, which cer- 
tainly once co\
ered it, or, having still more an- 
ciently been dry, could have been laid under water.* 
But a n1uch more important service has been ren- 
dered by Mr. Lyell's comparison behveen the dif- 
ferent formations of the tertiary class; and although 
it is with unavoidable distrust of himself that 
anyone little versed in geological science should 
venture to speak, it should seem that the division 
wHich he has thus succeeded in tracing of the 
tertiary period, may stand well with the previous 
system of Cuvier" and be received as a fact in- 
dependent of the controverted matter with ,vhich 
it has been connected. With the important aid of 
several eminent conchologists, but eS}-Jecially of 1\11'. 


* In :Mr. Whewell's learned work on the History of the Induc- 
tive Sciences, there are some acute and importaut remar1{s on the 
two theories, that of Uniform Action, and that of Catastrophes. 
B. xviii. c. 8. 
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Deshayes" he examined the numbers of testaceous 
animals traced in different formations; and finding 
that in SOllIe strata the proportion of shells of living 
species was very different from others" he distributed 
the strata of this tertiary period into three classes 
I 
accorùingly; the earliest being those which con- 
tained the fewest of our living species. The latest 
of the three periods into which he thus subdivides 
the tertiary era he calls ]Jliocene, * or more recent; 
the next before miocene, t or less recent; the earliest 
eocene,,! or da\vning. Se,-enteen species of shells 
are conlnlon to the three di\"isions, of which thirteen 
still exist and four are extinct. In the l)liocene 
the proportion of existing shells always exceeds 
one-third" and usually approaches one-half of the 
whole found. In the miocene, the existing shells 
fall considerably short of one-half, that is, the extinct 
species preponderate; indeed, of 1021 examined, 
less than a fifth \vere existing. There are 196 
common to this and the last period, of which 
82 are extinct. In the eocene pe
iod, the pro- 
portion of existing shells is much smaller, not ex- 
ceeding three and a half per cent.; and there ar
 


* DÀWAI", more" and 1U,I.I
O;, recen
. 
t l\hUol", less. : H&cI;. dawn. 
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only 42 conlmon to this and the nliocene. In the 
l
aJ'is Basin 1122 species have been found, of which 
only 38 are now known as ]iying. 
The theory of Cuvier and Brongnart respecting 
the successive formations in the Paris Basin, appears 
to require some Dlodification in consequence of 
more recent exan1ination. They considered that 
upon the chalk there was laid, first, a fresh-water 
formation of clay, lignite, and sandstone; then a 
1113rine fornlation of coarse linlestone; and then 
upon that a second fresh-water forn1ation of silicious 
linlestone, gypsunl, and marl. The researches of 
!\lr. Constant Prevost seenl to E-how that instead of 
these three successive fornlations, there were laiù on 
the chalk a clay formation of fresh-water origin, 
and then upon that" contemporaneously, three olhers, 
in different }1arts of the saIne Ba::;in" nall1ely" a 
fresh-water fornlation of silicious linlestone, another 
of gypsum, and a nlarine fornlation of coarse lime- 
stone. I n the rest of the series the two theorics 
coincide. 
It must, however, be observed that the nlore iUl- 
portant doctrines of Fossil Osteology, e,-en as regards 
tl)eir connection with the history and structure of 
the globe" do not. necessarily depend upon the 
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opInIons which may be entertained of t he more 
controverted points of geological theory, while the 
science of comparative anatomy exists alone, self- 
contained" and independent of geology. But all 
must agree in admitting the important service which 
Osteology has rendered to geological inquiries, and 
in rejoicing at the influence ,,
hich it has had upon 
those who pursue such speculations, in promoting a 
more careful study of facts" and recolllmending a 
"yise postponement of theoretical reasoning, unt.il 
the season arrives when a sufficient foundation for 
induction shall have been laid by the patient ob- 


server. 
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NOTE I. 


As some learned men are satisfied with the proof.'3 
of an ape's jaw-bone ha\
ing been found at Sansan" 
in the south-'west of France, and an astragalus of 
the same genus in the Sivalick hills, it is 'gery pos- 
sible that this genus may be added to those found 
in the strata of the l\Iiocene period; for it is only 
in the more recent formations that these remains 
are supposed to exist. That they should be found 
in any of the Pliocene formations is in a high degree 
improbable; and even then we have only got to 
the middle of the Tertiary period. Noone con- 
tends that in the earlier formations any such re- 
mains are to be traced. 
But in case any objection should be raised to 
the argument in the text, upon the supposition 
that, because quadrumanous animals were supposed 
by Cuvier not to be traceable in any but the pre 
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fient l)ortions of the globe's crust, therefore human 
ren1ains nlay likewise hereafter be found in earlier 
formations" "
e nlay remark that, e,.en if they \vere, 
contrary to e
.ery probability there found" no one 
pretends to expect such remains in those strata 
\vhere no manlmalia of any kind have been dis- 
covered; and the argument in the text is \vholly 
indel)endent of the l)articular period at which the 
non-existence of our race is admitted. These con- 
siderations are fit to be borne in luind, since 
learned Inen, like Mr. Schlnerling, are inclined to 
think that sonle human bones found in the same 
caYes
with the remains of hyænas and other ani- 
lllals are of contemporaneous origin. The great 
majority of geologists" how'ever" refer the aniL'Wls 
in question to the last geological era béfore the 
creation of nlan. 


NOTE II. 


THE state of rapid ancl solid adranCell1ent in which 
the science of Palæontology no\v is, nlay make the 
sumn1ary of its doctrines in anyone year little appli.. 
cable to the next. The notes to the Analysis of 
Cnvier" and tlu
 subsequent 
ccount of the labours' 
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of his successors, Inay serve to show what inha\>it. 
ants of the former surface of the earth are at pr
. 
sent within our knowledge. But with rcspect to the 
two important classes of ichthyosaurus and plcsio- 
saurus, the following abstract will prove cOlln:\nicnt 
to the student who would conlpare the present. 
state of our infornlation upon these two fossil genera 
at present with what it 'was when Cu\-ier wrote. 
.x othing can hetter exhibit the rate, as it were, at 
which this science has been a(h-allcing. I anI 
indebted to Iny learned" able, and excellent. fricnd, 
1\1... Greenough, for this sunlmary, which will be 
found to be nlarked with the accuracy, the c1c'ar. 
nes:;, and the conciseness which di:3tinguish all his 
productions :- 


ICHTHYOSAL'RUS. 


l. Communis.... Cuvier, vol. ii. Lias-England and 'Yurtemberg. 
2. Coniformis.... (See Journal of Acad. of Philadelphia.) X ot 
.knowll to Cuvier. Lias-Bath. 
3. Grandil)(}s.... . (Geo!. Proc., 1830.) l\ot kno\
-n to Cu,,:er. 
4. Intem1edius . .:Lias-England and ""urtcmberg. 

. Platyodon..... Lias-England and ""urtemberg. 
6. Tenuirostris ... Lias-England and \Yurtemberg. 
i. Ichthyosaurus. Kimmerillge clay. 
8. Ichthyosaurus. )luschelkalk-Lul1evilie and 
Ianl1Sfeld. 


PLESIOSAURUS. 


1. Goldfussii..... Quarries of Solellhofell. K ot known to Cm ier. 
2. Carinatu')..... Lia
-El1g1::md anJ Boulogne. 


YOLo II. 


1\1 
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3. DolichoJeirus . 
Iuschelkalk-Germany; and lias-England. 
4. Pentagonus ... Jura beds-France. 
5. profundus..... Variegated sandstone-J ura. K ot known to 
Cuvier. 
. 
6. Recentior .. . . . Kimmeridge clay. 
7. Trigonus . . . . . . Calvados-north of France. 
8. Trigonus...... Cuvier, vol. ii. p. 486. Lias, prohahly. 
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TIns work is justly consider
d by all men as thp 
greatest of the nlonunlents of human genius. It 
contains the exposition of the laws of lllotion in all 
its varieties, whether in free space or in resisting 
meùia, and of the action exerted by the nlasses or 
the particles of nlatter upon each other, demon- 
strated by synthetic reasoning; and it unfold" the 
1110st magnificent discovery that was ever Inade by 
lIlan-thp Principle of Universal Gra\"Ïtation" by 
which th(' systenl of the universe is governed under 
the superintendence of its Didnc l\'laker. Two of the 
three Books into which the treatise is divided are 
chiefly cOlnposed of mathelnatical in,"estigations" 
conducted by the most refined and profound, but at 
the salne time the most elegant aprlication of geo- 
metryand of a calculus which is only a particular 
fornl of the fluxionary method invented by the 
illustrious author in his early years. The third 
Book contains an explanation of the nlotions of the 
1\1 2 
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heayenly bodies. deduced chiefly fron1 the first 1)01'- 
tion of the former pal't, and grounded upon the 
phænonlena ..obsen-ed by astronomers. 1'his con- 
cluding portion, howeyer" of the great work, is also 
interspersed with geon1etrical rea
oning of the same 
adn1irable d
scription as characterized the former, 
and applied to the solution of problen1s respecting 
th
 hea,-enly 1110tions. 
Before Sir Isaac Newton appeared to enlighten 
nlankind, and to found a new era in the history of 
physical science, the en1Ïnent n1cn who had pre- 
ceded hin1 had nlade, during the ccntury inlnledi- 
ately preceding his birth" ,-ery ill1portant steps in 
furthering the ath-ancement of our knowledge; and 
they had approached exceedingly near that point 
which fornls the most ilnportant of all hi:; disco,-eries, 
according to a lind of law which seeB1S to regulate 
the progress of human iml)ro,-ement-a law of con- 
tinuity, which apparently pre,-el1ts any sudden, and, 
as it were, violent change, fronl being D1ade in the 
intellectual condition of the species, and prescribes 
the unfolding of all great truths by slow d
grees, 
each 111ighty (
scovery being preceded by others 
only less considerable than itself, and conducting 
towards it. 'l'he great discoveries in pure n1athe- 
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matics afford striking eX
l!llples of this truth. 1'hat 
of logarithlns by Lord X apier is, perhal)s, the 
instance ill which the 1110st consitlerable dcviation has 
. 
been luade from the rule; but eyell here there had 
ùeen SOlne curiou
 methods of luechallical calculation 
inrented before, and the disco\-crer of logarithnls 
hinlself had reached the point Y
ry nearly by other 
D10st inO'enious contrivances" before he actually 
o - 
Dlade his great step. 
But the fluxionary or diflerential calculus gi res a 
rcmarkaLle exenlplification of the general principle; 
and its subsequent most in]portant extension, the 
calculus of ,"ariations, furnishes another not less 
strikina. Before X ewton and Lúibnitz rnade the 
o 


grand discorery fronl which all the progress of the 
llloderns" in n1Ïxed as well as in pure Inathematics, 
has been deri\"ed, (',-cr since Descartes opened the 
way by his happy application of algpbra to geo- 
Inetry" mathen]aticians had b
en intent upon the 
re5olution of problenls connccted with the rectifica- 
tion aud quadrature of cun-es, and the detern1Înation 
of points that possess propeltics of 111axill1a antI 
n1Ïnima" as well as the finding of nOl'lllals, tan. 
gents, and osculating circles. l'hcse inquiries had 
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led thenl to consider the laws by which the relations 
between the ordinates and abscissæ referred to any 
given axis are governed at different l)oints of that 
.. 
axis; for in truth that inlplies the nature of the 
curvature itself" and includes the Inal1ner in which 
the length of the curve line increases or dinlinishes, 
as well as the space ,,'hich it incloses. They were 
thus led to examine the generation of th03e curve 
lines and curvilinear spaces" whether that is COl1- 
cei,'cd to be effected by the nlovement in the one 
case of points" and in the other of straight lines, or 
is supposed to be produced by the constant juxta- 
l)osition of indefinitely snlall straight lines inclined 
to each other according to a giYfn law, in the 
one case" and indefinitely s1l1all rectangles in the 
other. 'fhe latter is IJerhaps the 1110re natural 
supposition of the two" and 110t the less easy. For 
if anyone is set to measure the area of a field 
bounded by a cur\' ilinear outline, as he can at once 
measure a space inclosed within straight lines, hiR 
course will be to divide the given space into squares 
(or rectangles" if it be an oblong), and then to divide 
each of the sn1aller curvilinear spaces into other 
rectangles, and so on t iH he has exhausted the whole 
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by a series of rectangles" always decreasing in 
ize ag 
they increase in number, and the last of which seem to 
coincide nearly or sensibly with the area of the outer 
or curveù line of boundary. Thus he would proceed 
by triaì and actual measurelnellt of the space; 
and thus do land measurers (the lineal descendants 
of the first geon1E'ters, as well as their naulesakes) 
still proceed. But speculative mathematicians 
being aware of the general lwoperties of the lines 
they ha,-e to examine, and these being regularly 
fornleù, which the boundary of the field is not" they 
could calculate the relations to each other of the 
sides of the rectangles into which they dh-ided the 
figure, and thus form series of rectilinear figures 
din1inishing in size" and which series might be 
carried to any length so as ultimately to exhaust 
the curvilinear area. Thus ABC beino- a sen1Î- 
o 


o B 


}<' E 
/l
 '\\ 
i.\ 
 
A D c 
circle, it was easy to find the area oft he senlihexagon 
or three equilateral triangles AD F, F D E" and 
DE C, and then of the triangles F BE X 3, and 
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again of the triangles FOB x G, and 
o on; so that 
the radius A D being caBcd r, there was obtained 
a series of this fornl, i 'J'2 J 3 + i 1,2 (2 - J 3) + 
i 


3 l,2 ( :2 J 3 - 
 - J 2 ) 
- + &c.) and in like 

 :! 


nlanner an a111Jroxin1ation to the length of the circle 
n1ay be found. 
But the extrenle cUlubrousness of this calculus, 
which is still nIore unnlanageable in other curres 
where the radii are 110t, a
 in the case of the circle, 
equal, nlade it necessary to find sonle other method; 
ünd geoll1ctricians accordingly exanlÏncd the laws 
by ,yhich the areas increase in each cun"e, so that 
by adding all those innul1lrrahle incren1ents toge- 
ther tbeir sum Inight gire the exact slJace required. 
'-fhe saIne 11rocess was attenlpteù with the lengt lIs 
of the curves, considering thenI as polygons whose 
sides ùin1Ïllish
d while their nU111bers increased 
indefinitely. In thi:5 way Ca\-alleri, Ii-'e rnl at, and 
"rallis, and 8ti11 lllore I! arriot and Roben-al, apl)car 
to hare conIC exceedingly near the disco,-ery of the 
gencrall'ulc for perfornling these operations before 
X ewton anù IAeibuitz" unknown to each other, 
n1aùc the great step. Roben-al especially had 
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soh"eù l11any problenls of quadrature and of ùraw 
ing tangents" by methods extre1l1ely sill1ilar to 
the Newtonian; nor were the ancient Inethoùs of 
exhau::;tion and inJirisibles so far distant as to let 
us doubt that, had the old geollleters been possess('d 
of the areat instrument of alaebra, and bethou o aht 
b t:I 
then1 of its t rul y felicitous application according 
to the idea of Descartes, long before our tillle::; they 
would have anticipated the disco\-eries which fornl 
the great glory of luodern science. 
The disco,-ery of the Calculus of Variations 
affords a silnilar exan1ple of gradual progress. 
'Yhen the differential calculus had enabled us to 
ascertain the maxillla and nlininla of quantities, for 
exanlple the ,"alue of one co-ordiliate to a cun"t', at 
which the other becornes a luaxinlun1 or a nlininlulll, 
or which i::; the sanle - thing, the point of greatest 
ilnd least distance between the curve and a gir
u 
right line, or which is the same thing, when the 
!!,eneral relation of the co-ordinates beinO' ai,"en we 

 0 b 
were enabled by nleans of the calculus to exanline 
what that particular ,-alue was at which a luaxinHllU 
property belonged to one of theIn-then geometri- 
cians next inquired into the luaxin1a and luinin1a of 
different curves, that is to say" into the general 
1\13 
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relation bet ween the co-ordinates which O'a,.e to 
c 
every l)ortion of the cun-e a maximunl or a luiniuluul 
value in son1ß respect. Thus, instead of inquiring 
at what ,'alue of x (the abscissa) in a kno,vn equa- 
tion between x and the ordinate y, y became a 
minin1un1, or the curve approached the nearest to 
its axis, the question was what relation x must hare 
to y (or \V hat HUlst be the equation as yet unknown) 
in orùer to n1ake the ,,-hole cun
e, for example, of 
the shortest length between hvo giren points, or 
inclose with two gi,-en lines the largest space" or 
(having sonle })roperty gi,.ell) inclose ,,-ithin itself the 
largest srace, or be trarersed in the shortest possible 
time by a body in1pelled by a given force between 
two gi,-en 110ints. Here the ordinary rcsources of 
t he differential calculus failed us, because that cal- 
culus only enabled us, by substituting in the differ- 
ential equation the ,'alue of one co-ordinate in tern1S 
of the other, to make the whole equal to nothing, 
as it lTIUst be at the maxinlllnl or minimum point 
w here there is no further increase or decrease. But 
here no means were afforded of nlaking this substi- 
tution, and the problelll seemed" as far as this 
n1ethod went, indetenllinate. Various very inge- 
nious resources ,yere en1ployed by Sir Isaac Newton, 
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who In the Principia seenlS to have first solved a 
problenl of the Isoperimetrical class-that is, finding 
e solid of least resistance; and soon after by the 
Bernouillis and other continental lllatheinaticians, 
who worked by skilful constructions and suppositions 
consistent with the data. The calculus called that 
of \T ariations has since been invented for the general 
solution of the::ie and other sin1Ílar problenls. It 
consists in treating the relations of quantities, or of 
their functions, as thenlseh y es varying, but varying 
according to prescribed rules, just as the differen- 
tial calculus regards the quantities thelllseives, or 
their functions, as varying according to prescribed 
rules. It bears to the differential calculus SOlne- 
what of the relation which that bears to the cal- 
culus of fixed and finite or unvarying quantities. 
It is wonùerful how ,yery near Bernouilli" when 
he soh-ed the probleln of finùing the line of 
swiftest descent, came to finding out the calculus of 
variations; if, indeed" he nlay not be said to have 
actually 
lllployed it when he supposed" not as in 
the case of the diftèrential ca] cuI us" two ordinates 
of a known curve infinitely near one another, but 
three ordinates infinitely near, including two 
branches of an unknown curve" each infinitely 
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snl\\ll; for he certainly nlade the relation of these 
ordinates to the abscissa vary. Euler used the 
calculus n10re s "'stematically iu the solution of various 
problclllS; but he was nluch impeded for want of 
an algorithul. This inlilortant defect was supplied 
by Lagrange, who reduced the ßlethod to a syste1l1 
and laid do,vn its general principles; but had Euler 
gon
 on a little step further" or had Bernouilli 
been bent on finding out a general lllethod instead 
of solving particular problems, or had Enlerson, 
who has one or two sin1Ílar investigations in his 
book on Fluxions, reduced the method by which he 
worked them to a system by giving one general rule 
(which, writing a book on the subject, he was very 
likely to hare done), the fanle of that discovery 
would have been theirs, ,vhich IlO'V redounds so 
greatly and so justly to the glory of L3grange. 
rrhe disco,.ery of Gravitation as the go,"erning 
principle of the hea,-cnly motions is no exception to 
the rule which we have stated of continuity or gra- 
dual progress. \Yhen Copernicus had first clearly 
stated the truth to which near approaches had 
been n
ade by his predecessors, from Pythagoras 
downwards, that the planets 111o,.e round the sun, 
and that the earth also nloves on its axis while the 
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ß10011 revoh.es round the earth, he yet accolnpanicd 
his statement with so little proof beyond the agree- 
ßlent with the phenoluena, which the Ptolcn1aic 
hypothesis could equally boast of, * that for nlore 
than half a century afterwards it had no general 
acceptance, Bacon himself rejecting it; when 
Gaìileo, by his telc
copic ùiscoveries, especially of 
the phases of 'Tenus and t he satellites of Jupiter, 
and by his yet 1110re iUlportant discoveries in the 
laws of 1110tiol1, nlay be said first to ha,-e proved 
the truth of the Copernican systenl. .L\fterwards 
the satellites of Saturn, adùed to Kepler's obsen"a- 
tiol1 of 1\Iercury's transit over the sun, afforded 
Inost inlportant confiullation. The great dis- 
coveries of this eUlinent man followed close after 
those of Galileo; the nlotions of the planets were 
found to bp in ellipses with the sun in one focus; 
lines drawn to the sun fron1 t henl were found to 
ùe
cribe areas l)roportional to the tilnes of their 
re,-olution; and the relation was established be- 
tween the squares of those times and the cubes 
of the distances of the bodies from the focus. 


it It is certain that its greater 8irnplicity was, before Galileo's 
time, the only argument in favour of the Copernican theory 
agaiust the Ptolemæan. 
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How near this brought scientific ll1en to the cause 
or law of the whole is manifest" especially when 
we regard the connexion thus established between 
the revolving bodies and the great lun1Ïnary in 
the centre. Although I(er1er himself erroneously 
mingled with the influence ,vhich this law of motion 
led him to ascribe to the sun a transverse force 
\\ hich he deemed necessary to ll1aintain the pro- 
jectile motion of the planets round the centre, yet 
others formed ll10re correct ideas of the matter. It 
seems to have been Huygens, "ho" fourteen years 
before the" Principia" was published" first showed 
the true nature of centrifugal forces; but several 
years earlier" Bor811i, in treating of the motion of 
Jupiter's satellites", considers the planets as having 
a tendency to resile froln the sun and the satellites 
fronl the planets" but as being" drawn towarùs and 
held by those central bodies" and so compelled to 
follow then1 in contInued revolutions." He also 
TIIOst accurately compares the receding (or centri- 
fugal) force with the tendency of a stone whirled 
in a sling to fly off at every instant of its nlotion. 
IIoo1$.e, a luan of unquestionable genius, and whose 
partial anticipations of ll1any great ùiscoveries are 
truly reluarkable, about the sanIe time with Borelli, 
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asserted. that the attraction of the sun dra'ws away 
the planets from moying in straight lines, and that 
the force of the attraction varies with the distance. 
He had, as early as 1666, read to the Royal 
Society a pa})er explaining the curvilinear motion 
of the planets by attraction; and IIalley, as well 
as others, had even hit upon the inverse duplicate 
ratio, by supposing that the influence from the sun 
was diffused in a circle, and that therefore the 
areas proportioned to that influence were as the 
squares of the radii, and consequently the intensities, 
being inversely as those areas, were inversely as 
the squares of the radii or distances. Finally, Hooke 
had foretold, that whoe,.er set himself to in,-estigate 
the subject experin1entally ,,"ould discover the true 
cause of all the heavenly 1110tions. 
Such were the near approaches which had been 
nlade to the law of Gra\"itation before its final and 
coml)lete discovery. But although in this gradual 
progress it resenlbles ahnost all the other great inl- 
provements in sciencp, in one n1aterial respect it 
differs fro111 theln all. The theory was perfect 
which 
ewton delirered, and the whole subject was 
at once thoroughly investigated; it was not that 
the general principle hithert.o anxiously sought for, 
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and of which others had caught Inany glin1pses, 
was now unfolded and established upon appropriate 
foundations" but alnlost ('yery consequence and ap" 
. 
l)lication of it was either traced, or plainly sketched 
out; it was pursued into all the details; a sys- 
ten1atic account of its operation was gi,-en" synlll1e.. 
trical, and in its Dlain branches complete; so that, 
however nearly forn1er inquirers had approached 
the general law, the distance was prodigious be- 
tween their conjectures" how. learned and happy 
soe,"er, and the magnificent work which the gelBus 
of X ewton had accolTIplished. * 
It nlust be observed, too, that, besiùe this grand 
achieyeluent" the Principia perfornled three other 
nlost inlportant services to physical and n1athenla- 
tical science. First. It laid a deep and solid 
foundation for subsequent discoveries in the science 


* The subsequent discoveril s of mathematicians by means of 
the improvements in the calculus, have aùded new illustrations, 
and traced further consequences of the theory. But there is ouly 
one of their improvements which can justly be said to have 
advanced the evidence of the fundamental principle furth
r than 
Sir I. Newton had carried it, by sUPl11)"ing any defect w}1ich he 
had left; we allude to the reconcilement by Clairaut of the 
moon's apogeal motion according to the theory with the observa- 
tion. This is ful1y explained in lhe sequel. It forms one of the 
most interesting passages in the whole history of science. 
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of ph)'sical astrononlY, both in the gl'n\
1"al l'rin- 
ciples of dYUâlUics which it unfolded, and in the 
application which it Inade of these to the heé:
\-cllly 
todies and their luotions. A.'iecondly. It gave a 
cOlllplete systen1 of dynatuics applicable to aU sub- 
jects connected with t11otion and force:' and statics-a 
systeln throughout abounding in the most in1portant 
original tuathenlatical truths, expounded and pro\-eù 
'with singular beauty, though with extrenle conci:se- 
ness. 'I'ltirdly. It propounded anù "showed the 
application of a new calculus, or luethod of n1athe- 
111atical investigation, that n1ethod by the help of 
\'\ hich those truth:5 had been ùi:5corered; and others" 
before resting upon an enlpirical f'Jundation, were 
ùen1onstrateù. Thus it is no exaaaeration to sa y 
O
 
that, eyen if the great disco\-eJ.Y of the law which 
go,-erns the u
1Ï\-erse were taken away fr0111 the 
Principia, it would still reiain its rank at the hf'üd 
of all the works of n1athernaticians, as the most 
wonderful series of disco\-erir-s ill ueolnetrical 
b 
science, antI its ftppliration to the lwinciples of 
dynanlics. 
That the reception of this work was not such as 
n1ight ha\"e becn expecied has frequently been 
allegeù; and although an Ing(\nlOUS anù we11.. 
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lneant attempt has lately been made by an enli.nent 
mathematician * to relieve this country frol11 its 
share of the inlputation, chiefly by showing the 
estinlation the author was held in inlmediately after 
its publication, it is, on the one hand, certain that 
N ewton's previous fanle was great by fOrlller dis- 
coyeries, and that after its appearance the Principia 
,vas more adlnired than studied. There is no get- 
tiug 0\ er the inferencp on this head whieh arises 
from the dates of the two first editions; there 
elapsed an inten-al of 110 less than twenty-se\-en 
years between then1; and althou gh Cotes speaks of 
the copies ha\-ing beC0111e scarce and in very great 
delnand when the second edition appeared in 1713, 
yet had this urgent denland been of nlany years 
continuance, this reprinting could nerer have been so 
long delayed; nor was the next edition required 
for thirteen years after the second; so that in forty 
years the greatest work e,-er cOID11osed by nlan 
reached only a third edition, and that third has" 
during the succeeding hundred years, been the one 
generaHy in use, although translations and excerpts 
have been published from tinle to tinle" and two 
editions "'ere printed on the Continent" one at 
* 'Vhewell's History of the Inductive Sciences, vol. ii. 
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Amsterdan1 and one at Cologne. The doc- 
trines of the work were, howe,.er, n1uch 1110re 
readily elubraced and more generally diffused in 
this country" which had the benefit of .l\laclaurin
s 
admirable ,-iew of the more general principles of 
the system, published about the middle of the last 
century. On the Continent they made their way 
far more slowly; nor was it until Voltaire employed 
his great powers of clear apprehension and lucid 
statenlent to give them currency that the Cartesian 
prejudices of our neighbours gave way, arid the 
true doctrine found a general and a willing ac- 
cep tance . 
It must be admitted that the manner in which 
the truths of the Principia were unfolded has added 
somewhat to the slowness of the world at large in 
embracing then1" but greatly to the reluctance with 
which n1en have generally undertaken the task of 
reading that great work.> and satisfying themselves 
of the proofs upon which its doctrines rest. Concise- 
ness is everywhere rigorously studied; not only does 
the author avoid all needless prolixity and repetition 
in unfolding his discoveries, but he leaves out so 
many of the steps of his denlonstréttion" and assumes 
his reader to be so expert a geon1etrician, that the 
labour of fol1owing hÎ1n is often sufficient to deter 
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orùinary students frol11 making the eft'ort. If lua- 
then1at.ical reading is never the sanle passire kind of 
operation with other studies, the perusal of the Prin- 
. 
cipia is elnphatieally an a
tire exercise of the nlind; 
for what appeared to the intuiti,.e glance of hilll who 
could disco,.er the theorelll or solve the prohlell1 too 
plain to require any proof, may well stop COlnnlon 
nlinds in thC'ir progress towards the point whither he 
is guiding thrIn; the distances which he can stride 
at once o\-er thi.s difficult path Blust.) by weaker 
persòns, be divided into l11any portions" and tra.. 
,.elled by sueccssive steps. .A.ùd to which, that" as 
the n1ethod of proof is throughou4 synthetical, and 
as it is geoll1etrical, the helps of modern analysis are 
thus withheld. l T pon the whole, thereFore, a Illost 
,.aluaùle ser\"ic
 was rendered to students by the 
able and learned cOIDl11entary of the Jesuits" Le 
Seur and J acquier, who, in 1 i3<J anù 1742" pub- 
lished the Principia" with ,.ery copious illustrations, 
although it is to be regretted that they resort far 
less frequently to analysis than was de
irable. It 
is reluarkable enough, and affords an additional 
proof of the slow progress which truth had then 
made in sonle parts of Europ
, that these excellent 
authors deenleù it necessary to accompany their 
publication of the 'I'hirJ book" which treats of the 
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hean."\nly 111otions, with a declaration in these- words: 
c. X ewtonns in hoc 1ertio libro Telluris nlotæ 
hypothe:.:ilu as.;:erit. Autoris })ropositiones aliter 
explicari non poterant, nisi erHlenl quoque facta 
hypothesi. Hinc aJienanl coacti SU111US gererC' per- 
sonanl; cæterU111 latis a sumn1Ïs POlltificibus contra 
Telluris nlotunl Decretis nos obsequi profitenHlr." 
This edition is dated" as nlight be supposed, at 
TIonle. * 


The Principia begins with a definition of ternIs, 
aud a cornpendioHs statp111ent of the science of 
dyn
n1Ïcs as it existed previous to K ewton's ùisco- 
Yf'ne
. The definitions, eight in nunlber, conlprise 
that of quantify of IIlattel., which is in the propor- 
tion of its bulk anù density, the density being the 
rroportio
l of its InaS::5 to its bulk-the ljllantify 0/ 
motion, which is in proportion to the velocity and 
quantity of n1atter jointly-the ris inn.tiæ, which 


'Ìc It m']sf., however, be observed, that such bigotry and int01e- 
rance was not confined 10 nome. As lat(' as 1769, llufii.m ,'ag 
comr,elled, by the interference of the Sorbonue, to pub!ish a 
recantation of some portion of his fantastical tlleory of the earth, 
compre11cnùiug, as it hapi'encd, the very few things in it which 
h"d any reasonab1e fOlln ldion. lYe ought a1so to mention, for 
the credit of the Papal Government, that a late pontiff (Pius VII.) 
l)!ocureù a rep eal of the (. ecrre against the Corernican system 
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is the force or power of matter to persist in any 
given state" whether of rest or of motion in a 
straight line, and to resist any external force inl- 
})ressed upon it to change that state-centripetal 
force" which is the power that ùraws towarùs a 
given point or centre bodies at a distance froln it- 
finally, the t.hree kinds of amount of centripetal 
force; the absolute amount, in proportion to the 
intensity of the power exerted in dra,ving towards 
the centre; the accelerating, in proportion to the 
velocity generated in a given tin1e; and the moving, 
in proportion to the Dlotion generated in a given 
time towards the centre. * 
Two things are ,vorthy of renlark in these defi- 
nitions : first, that" as if foreseeing the cavils to 
which his dóctrines ,vould give rise" he guards, 
in a scholium to the definitions, against the sup- 
position that he means to give any opinion as to 
the nature or cause of centripetal force, much less 
that he ascribes any virtue of attraction to mere 
centres or mathen1atical points; whereas he only 
means to express certain known and observeù facts: 
'" Thpre are eight definitions in the book, though we have only 
given them under seven heads, not 11avil1g made a separate defi- 
nition of the furce imp'l"essed, which is here mentioned under the 
important head of the vis inertiæ. 
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secondly, that, ill illustrating his definition of CPl1- 
tripetal forces, he really anticipates his great dis- 
coyery; for, after giving the examples of magnetic 
action, and of a stone whirled in a sling, he pro- 
ceeds to the motion of projectiles", and shows how, 
by increasing the centrifugal force, they may be 
nlade to 1110ve round the earth, as may also, he 
says, the moon, if shp be a heavy body, or III 
any other way be deflected towards the earth, and 
retained in her orbit. That force, he adds, must 
be of a certain aillount, neither more nor less; and 
the business of n1athenlaticians is to find this neces- 
sary al11ount, or, con,-ersely, ha\"ing gÍ\-en the 
aUlount, to find the curve in which it makes the 
body 1110\-e. The connexion between the inquiries 
which form the nlain subject of the two first books 
of the Principia and physical astronomy, the sub- 
ject of the third, is thus explicitly stated; but a 
l)lail1 indication is also here afforded of the great 
, 
discovery .in which the whole investigation is to 
end. 
The doctrines of dynan1Îcs, known previously to 
his discoveries, are then given in the form of corol- 
laries to the three general laws of motion" The 
first law is that of the 'leis incrtiæ" already ex- 
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plained; and it is to be obsen.ed here that a 
steady and clear conception of the tendency of an 
1110ving bodies to proceed in a straight line unless 
deflected from it, is, perhaps, more than anything 
el
e, that which distinguished the Newtonian from 
the imn1ediately l)receding doctrines, n1Ïxing up as 
these did more influences than one proceeding fronl 
the centre with a ,"iew to explain the conlposite 
1110tion of the planets. 
The second law is, that all changes in the nlotion 
of any body, or all changes fronl rest to motion, are 
in proportion to the lTIoying force impressed, and 
are in the straiaht line of that force's direction. 
o 
The third law is, that reaction is always equal 
and opposite to action; or that the mutual act ions 
of any two bodies are always equal to one another; 
antI in opposite directions. 
From these laws the six corollaries whicÌl are 
added lleduce the fUladanlental principles of dyna- 
nllC
; aud there is a scholiu111 to 1 he whole, which 
states the application of those principles to the 
descent of hea'"y hodie.3 and the parabolic Illotion 
of projectiles. Of aU the principles, the 1110st irn- 
pOI"taut is that of the Composition a
d I{
solution of 
forces. As by the first law a body always pèfse- 
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veres in the straight line it moyes In, unless in so 
far as 
ume other force" alters it::; direction; and as 
by the said law any new force impressed tend
 to 
n10ve it in its own direction, it follows that, if two 
forces, not in the same or in directly opposite direc- 
tions, act at one time, and by an instantaneous in1- 
pulse, on any body, it must mo\ye in such a direction 
as that it shall be found both in a line parallel to 
the direction of the one force, and in a line parallel 
to the direction of the other; that is to say, in the 
diagonal of a parallelogranl whose two contiguous 
sides are in the directions of the two forces, and are 
respectiVt
ly equal to the space each force would carry 
it through in its own direction. :Nloreover, as each 
force separately would have carried it to the end of 
the line of its direction in the gi\'en tin1e, it Inust 
move through the diagonal in the same time which 
it would ha,-e taken to lllove through either side if 
either force had acted alone. Thus the direction of 
every motioG occasioned by any two forces acting at 
an angle to each other, may always be found by 
c0111pleting the parallelogram of which the dil"(
c- 
tions of their forces are the contiguous sides; and 
so of any motion occasioned by any number of 
forces whate'"er acting angularly = and, conver3ely, 
YOLo II. N 
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every motion of a nloving body nlay be resolved 
into two, of which the one is in any given direction 
'whatever, and the other is found by completing the 
parallelogram" whereof that given direction is one 
of the sides and the direction the body llloves in the 
diagonal. From this resolution of forces it is easily 
shown, that if any ",-eights or other po\vers acting in 
parallel lines are applied to the opposite ends of a 
lever moving on a centre or fulcruln, the effect of 
each will be directly as its distance from that centre, 
in other ,yords" as the length of the cóntiguons arnl 
of the lever; consequently, that if the ,veights or 
powers are made inversely as those lengths, the whole 
'will be in equilibrio or balaneed. This is the well 
known and fundalnental principle of the le\-er" the 
foundation of nlechanics; and it applies also to the 
",'heel and axle and the pully. The fundan1ental 
properties of the scre\v, the \vec1ge" and the inclined 
plane are deduced in like lllallner from this im- 
portant proposition. So lllay all the properties of 
the centre of gravity, and the method of finding it; 
for" in fact" the fulcrull1 of the le'"er is the COlnmon 
centre of gravity of hvo bodies equal to the two 
weights" and placed at the opposite ends of the 
lever, and the line joining the bodies is divided in 
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the inverse proportion of those bodies. It a]so is 
easily shown that the con1mon centre of gravity of 
two or lllore bodies is not llloved" nor in any way 
affected, by their mutual actions on each other" but 
it either relllains at rest, or moves forward in a 
straio-ht line. So are the rf'lative motions of any 
t) ... 
system of bodies, whether the space they occupy is 
at rest, or llloves uniformly in a straight line. 
'The Scho1ium to the laws of motion first con- 
siders \-ery briefly the motion of falling bodies which 
descend with a velocity uniformly accelerated, that 
velocity which is given to them by the attraction 
of the earth during the first instant continuing and 
having at each succeeding instant a new inlpulse 
aùded; thp ac'celeration, therefore, is as the time; 
and they move through a space proportional to the 
velocity and the time jointly" consequently propor- 
tional to the square of the tinIe, since the velocity is 
itself proportional to the tin1e. * The scholium next" 


:Ie Velocity is as time, i. e., " is as m t; space is as vela. 
city X time; or 8 as 1) X t, therefore space is as time X time, or 
as square of time, that is, 8 is as rn t X t, or m t 2 .-The propor- 
tion of the space failell through by the force of gravity (or moved 
throngh by any body uniformly accelerated) to the square of the 
times, is also demonstrated thus. Let the velocity a
quired at any 
moment P of the time A P be P 1\1, and because the velocity uni. 
N2 
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with equal bre,"ity, states the projectile motion of 
heavy bodies. If a body be inlpelled in one direction 
by a force producing a uniform motion, and in another 
direction at any angle with the former by a force not 
uniform but accelerated, the diagonals which it will 
mo,-e through will at every instant change their direc- 
tion towards the quarter to which the accelerating 
A 


pi 
t- 


c 


n 


formly increases, or as the time, P 1\1: A P : : B C : A B, and there- 
fore the line A C is a straight line, and the triangles A P lVI, ABC. 
are similar. But if q N is infinitely near P 
1, or P f} represents the 
smallest conceivable time, the motion during that time may he 
conceived to be uniform and not accelerated. I\ ow the space 
through which any body moves is as the velocity multiplied by the 
time (s = v t), therefore the space moved through in the time P q is 
as P q X 'l N. So the space moved through ill the time A B will be 
as the sum of aU the sman rectangles P q X N q, or as the triangle 
ABC. But the triangle ABC is to any other of the triangles 
A P 1\1 as A B 2: A P 2; therefore the spaces are as the squares of 
the times. he great general importance of this proposition 
which Galileo first proved, makes it necessary to have the demon- 
stration c1eal'ly fixed in the reader's recollection. 
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force tends. But aseriesof such diagonals isa polygon 
ofallinfinitenun1ber of sides, infinitely snlall; inother 
words, a curve line. 1\ ow in tl.æ case of a projec- 
tile, this continued or accelerating force is such as 
to make the body, if no other force acted on it" 
fall through spaces proportional to the square of 
the tinles. The other force acting once for all 
would nlake it, were there no gravity acting, move 
in space8 proportioned to the tin1es simply. The 
latter or proj ecting force would nlake it moye 


n 


through _"- B uniformly, or in spaces propor- 
tional to the titHeS; the force of O"ravity would 
make it nlove through A P with a 1110tion propor- 
tioned to the square of the times; therefore it will 
nlove in a cUr\-e pas:::;ing through 
I, if P 1'1 is 
equal, and parallel to A B; and A P will be as 
the square of _\ B or P 
I, which is the property of 
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the conic parabola rn. A P == P 1\1 2 " rJl being the 
parameter to the point A. The scholiUDl. concludes 
by stating some consequences of the equality of 
action and reaction, the third la,v of nlotiol1, with 
respect to oscillation and impact" and also with 
respect to nultual attractions" of which the 1110St 
important is that the attraction or weight of heavy 
bodies in respect of the earth, and of the earth in 
respect of thenl, is equal. 
The great ,york itself, after these prelinlinary 
though essential matters" proceeds to its proper 
subject; but in order to show hù\v the demonstra- 
tions are conducted, it prefixe:5 a short treatise upon 
the method of Prime and ultimate Ratios, in eleyen 
Lenlmas, with their corollaries. 
This method consist
 in considering all quantities 
as generated by the unifornl progression or nlotion 
of other quantities" and exaluining the relations 
,yhich the smallest concei,-able spaces thus generated 
by this 11lotion bear to one another, and to the 
spaces generated at the llloment of their inception, 
or when they are nascent, which is ternled theirprime 
ratio, and at the moment of their vanishing, or when 
they are evanescent, ,,-hich is termed their ultimate 
ratio. Thus a l)oint 1110\ing along in a straightfor- 
,yard direction generates a straight line; aline 1110ving 
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parallel to itself, or two lines n10\-ing at right angles 
to one another, generate a rectangle: one line moving, 
while a point in it moves along it so that its 11rogress 
on the mo\'ing line always bears a given ratio to 
the progress the line has made em.l\. P=P IVI), 
describes a triangle; the same luotion, if the pro- 


)1' 



I 


A 


p 


gress of the point bears a yariahle relation to that of 
the line ex. A P==P ßl'; x. xA. P being some 
function of A P), describes a curve line and curvi- 
linear area; and so of so lids, w hie h are generated 
by the Illotion of plane
. 
It follows frolll this 1110de of generation that if 
the length of any curve line be divided into an 
infinite number of lines, the snnl of these will not 
differ from the curve line by any assignable differ- 
ence" nor will each differ from a straight line; and 
if its area be divided into an infinite number of 
smaller areas by lines drawn parallel to the line 
whose progressive nlotion generated the curvilinear 



2i"2 


PRIKCIPIA. 


area, the sum of these infinitely narrow areas will 
diftèr froln the area of the curv-e by a difference less 
than any assignable difference, nor will each differ 
frol11 a rectaßgle; in other words, the ratio of the 
nascent curve line and nascent curvilinear area will 
be that of equalify with the slllalllines and small 
rectangles" and the ultimah"' ratio of the SUl1lS of 
the lines and rectangles to the whole cun-c line 
and curvilinear area, respectively, ,vill be that of 
equality :-01' to put it otherwise, if the axis of the 
cun-e be divided into parts P P, &c." and the area 
into spaces P 1\1 R P" &c., by orùinates P :\1, P R, 
&c., and the nn1l1ber of these spaces be increasf'd, 
and their breadth P P be diminished indefinitelv. 
01 


1\1 
!' 


o 


1{ 
110 


o 


p p 


which is the operation of the generatirc 1110tion of 
1
 )I., the size of each of the slllall spaces 1\1 N R 0 
by which the curvilinear areas differ from the rect- 
angles din1inishes infinitely, and the ultirnate ratio 
of all the curve areas P 
I R P" and all the rectangles 
P X R P" beCOl1leS that of equality, and therefore 
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the sunl of evanescent diffel'ences N.:\1 0 R, 1\ no R, 
&c., whereby the whole curvilinear area differs fronl 
the whole anlount of the rectangles P N R P" 
becOlnes less than any assignable quantity, or the 
curvilinear area coincides with the sum of the rect- 
angìes. ...-\ncl so of the sunl of all the diagonals 
)1 R" R R, &c., which becollles the curve line )1 RA. 
Hence we infer that the amount of these small 

paces or quantities 
 .:\1 0 R, formed by multiply- 
ing together two evanescent quantities, is as nothing 
in cOlllparison with the rectangles P 
I 0 P forn1ed 
by only one evanescent quantity multiplied into a 
finite quantity, and may be neglected in any equa- 
tion that expresses the relations of those rectangles 
with each other. But if SOllle other quantities be 
found ,vhich are, in conlparison with these small 
ones, the111s
lves infinitely s111all, the areas formed by 
multiplying this second set of snlall quantitie::; nlay 
be r
jected in any equat
oll expressing the relations 
of those first small quantities. Thus we have the 
origin and constitution of quantities which In the 
X ewtonian SChf'nle are called fluxions of different 
orders, because conceived to express the Inanner of 
thp generation of quantities by the motion of others, 
and in Leibnitz's language are called infinitesimals 
N3 
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or differences, because concei\Ted to express the con- 
stant addition of one indefinitely sman quantity to 
another. Obtaining the fluxion, or the differences, 
.. 
frOlll the quantity generated by the rnotion or by the 
addition" is called the direct method; obtaining 
the quantity generated from the fluxions" or finding 
the sunl of all the differences" is called the indirect 
'lnethod. The one theory caUs the direct nlethod 
that of finding fluxions, the indirect that of finding 
fluent.s; the other theory calls the former differen- 
tiation, orfindingdiffe'rentials, the latter in teg'J'a tioll , 
or finding integl'als. The two systenls" therefore" 
in no one respect whatever differ except in their 
origin and language; their rules, principles, appli- 
cations" and results" are the same. A different 
symbol has been used in 1he two systems; Newton 
expressing a fluxion by a point or dot, and the 
fluxion of that fluxion" or a second fluxion" by two 
dots, and so on. Léibnitz prefixes the letter d, and 
its po,vers d 2 " d 3 , &c., instead, to express the differ- 
entials. In like manner f for sum is used by the 
latter to express the integra], and f by the former 
for the fluent. Although the continental nlethod 
of notation is no,v generally used, and is on the 
whole most convenient, yet it has its inconveniency, 
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as the d i
 sonletimes confounded with co-efficient:; 
of the variable quantities; it is in sonle respects 
too, not very consistent with it
èlf; as by nlaking 
d x'J. luean the square of the fluxion, or differential 
of x; whereas it, strictly speaking, ap11ears to denote 
the differential of x9.. There can be no doubt" however, 
which notation is the most convenient in the exten- 
sion of the systeul to the calculus of variations, 
where the symbol is (); for although the variation of 
a fluxion Dlay perhaps even nlore con\-eniently be 
expressed by ð 
 than by () d x, yet the fluxion of a 
variation can with no con\-enience be expressed by 

, or otherwise than by d ò x. The expression of 
()X 
seconù fluxions undeveloped is also far less conve- 
nient by the Newtonian notation. Thus the fluxion 
f d'lf. . . d b d . l 
o 
 IS sometimes requIre to e expresse WIt lout 
dx 
deyelopelnent, as in the expression for the radius of 
curvature" where it is often expedient not to develope 
it in the general equation" but to find d Y in terms 
dx 
of x or y before taking its fluxion; yet nothing can 
be 11101'C clumsy than to place a dot over the fraction, 
whereas cl ( d Y ) is perfect!) conrenient. 
dx 
Several Ï1nportant considerations arise out of the 
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nature and origin of these infinitesin1al quantitIes 
as we ha '"e described then1, and to these considera- 
tions we nlust non T shortly ad\-ert, as they give the 
rules for findIng the fluxions of all quantities, and, 
cOll\-ersely, lead to those for investigating or finding 
the fl.l1ents of fluxional expressions. 
A rectangle A 1\1 being generated by the side 
p 
I nloving along A P while the side K 1\1 nloves 
along AN" the movement or fluxion of A 1\1, or of 
A P X P 1\1" is P S + 1\1 O
 part of the gnonlon 


o 


R V 
MEJ S 


N I 


A 


P T 


p s + SO, because the rectangle 
I 'T is c\-aneSccllt 
con11)ared with the other two, and is to be rejected. 
r-fherefore the fluxion of A P X P M = P 1\1 X P T 
+X 1\1 X X 0" or P 
1 X PT+...t\ P X 1\1 R. Calling 
A P=x, and P 1\1 ==y, and PT== dJ'.7 and 
iI{==dy, 
we have the fluxion of x y==x d y+ Y d x. But if 
the figure be a square" and A P= P 1'1, or x=y, 
then the fluxion is 2 x d x. So if ,ve would find 
the fluxion of a parallelopiped whose sides are x" y, 
and z, we shall in like manner find that it IS 
xydz+,
"zdy+yzdx; if x=z, then it is 
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2yxdx+x 2 dy; and if tr:=y=z, or the figure be 
a rube, it is 3 x
 d x. From hence" although the 
geometrical analogy serves us no further (as there 
are only three dimensions in figures)" we derive by 
analogy the rule that the fluxion of x m is rn X f1 &-l d x. 
Also there is 110 dimension of figure less than unity; 
but by the same analogy we obtain the fluxion of 
-m 1 1 -m-l d m d x d f 
x , or -, name y, 'In x x, or - --, an 0 
x m xm+l 


x ffl , or x m X y- = nz xm-l y-n d x-n Xffl y-n-l d y, or 
y: 
== 111 .1,m-l yR d x _ Jl Xffl yn-l rl y 
y2n 
Consistently with the same IJrinciples, we nlay 
deduce this rule otherwise and lllore strict]y. Let 
x + d x be the quantity when increased by tLe 
fluxion. 'rhis 111ultiplied by itself, or its square 
when conlpleted, is Xi + 2 x d ..c + (d X)2; but to 
have the mere increment or fluxion ,ye must ùeduct 
x 2 , and we must also reject (d X)2 as evanescent 
conlpared with the function 2 x d x which lea\"es 

 x d x for the fluxion. So the cube is x 3 + 3 x 2 d x 
+ 3 x (d x 2 ) + (cl 
r)3, and rejecting, in like nlanner" 
we ha\-e 3 x 2 rl x; and by the binon1Íal theorenl 
(x+d x)m is Xffl + m xm-l d x, + &c. + (d x)m, of 
"hich only' the second term can upon the same 
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principles be retained; that is 111- x m -1 d X ; and the 
san1e rules apply to the fluxions of surds; so that 
1 d x+d y 
the fluxion of-ex + y)"2 is, __ . 
2Jx+y 
It also follo\vs that the fluent is a quantity such 
that, by taking its increnlent or fluxion according to 
the foregoing principles, you obtain the. given 
fluxional expression. Thus if we have to integrate 
any quant.ity as x m d x" we divide by 'In + I, and in- 
crease the exponent by unity, and erase the flux- 
xm+l 
ional quantity. So that 1Jl + I is the fluent re- 
quired. But as every multiplication of any two 
quantities \vhatever gives a finite product" anù every 
involution a finite power" \vhile we can only divide 
so as to obtain a finite quotient, or extract so as to 
obtain a finite root, where the dividend or the po,ver 
operated upon happen to be a perfect product or 
a perfect power; so in like manner \ye can only 
obtain the exact fluent or integral where the expres- 
sion submitted to us is a complete fluxion. Thus" 
xdx 
though such an expression as -_ is integrable, 
'" 1 + x 2 
dx 
such an expression as -- is not integrable, 
J 1 +xt 
for want of the x in the numerator" and various 
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approx:in1ations and other contrivances are resorted 
to in order to accomplish or, at least, approach this 
object, of which the methods of series, of logarithms" 
and circular arcs åre the most frequently used. 
The sinlplest case of integration by series D1ay be 
lmderstood in examples like the last; for if the 
square root be extracted by a series" '\ye D1ay be 
able to integrate each term, and so by the sum of 
the integrals to approach the real value of the whole. 
From the doctrine as no"\v eXplained.' and the 
original foundations of the method as traced above, 
it follows that a variety of the most important pro- 
blenls may be soh.ed with ease and certainty, which 
by the ancient geometry could only in certain cases, 
or by a happy accident, be investigated. Thus the 
tangents of curves may be found. For as the sub- 
. P 1'1 X 1\1 X 
tangent. S P : P 1\'1 : : 1\1: N : T N, S P = -- N 'r 


- 
SAP Q R 
ydx 
= d y ' and so the perpendicular may always be 


P 1\1 1 
drawn, for the subnornlal R P = S P 


y 2 dy 
..... y d x 
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ydy 
== d X · Therefore we have only to insert the one of 

 
these quantitiesinterms of the other fronl the equation 
. . 
between x and y (the equatIon to the curve), and \ve get 
the expression for the subtangent subnorn1al. Thus 
in the common parabola" \vhose equation is y2 = 
ax" ydx = 2ydy X L == 2y2 0r2x,and 
dy a dy a 
in the hyperbola, whose equation is x y= ai, it (the 
subtangent) is - x. So in the circle y d Y (tht:
 sub- 
dx 
normal) = 'J" - x ('). being the radius); all \vhich \VC 
know from geometrical delTIOnstration to be true. 
N ext" it is evident that when a quantity increas- 
ing has attained its n1aximum, it can have no 
further increment; or when decreasing it has 
attained its minimun1" it can have no further de- 
crement; consequently in such cases the fluxion 
of the quantity is equal to nothing. IIence a 
ready solution is afforded of the problem::; of 
maxima and minima. Thus would \ve know the 
proportion which two sides of a rectangle nlust have 
to each other, in order that" their sun1 being gi,,-en, 
they may fornl a rectangle containing the greatest 
space possible; the fluxion of the rectangle n1ust be 
})ut equal to nothing. Thus their sunl being = a, the 
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quantities are x and a - x, and their rectallg-Ie is 
a :t'- [(.2, its fluxion a d .f'- 2.t' d x, and this being put 
a 
= 0, we have a d x == 2 x d x" or tc = 9"; therefore 
.;.J 


the figure must be a squa
'e. So would ,ve know the 
l)oint of the -parabola (b - x? = a (y - c) where the 
curre comes nearest the line b, the ordinate y must 
(b - :t.y
 
be a n1Ïnimum, and d y == O. Now y = -- 
a 
2 (b - x) 
+ c, and d !J=:::' -- X - d x
 which being put 
a 
= 0 gives us x = b; or, at the extremity of the 
line b, the curve approaches the nearest; and that 
whatever be its parameter; for a has vanished froln 
the equation. 
..l\gain, we have seen that the ultin1ate ratio of 
the sun1 of all the rectangles 1\1 P, P Q; contained 
by the ordinates and the increments of the abscissa 
to the cUITe's area A P 
1 is that of equality; or, in 
other words, that the fluxion of a cun.ilinear area is 
the rectangle contained by the ordinate and the 
fluxion of the abscissa, or y d x, the fluent of this, or 
the SU111 of all t.hose snlall rect.anales beinO" e q ual to 
o 0 
the area. In this expression then, let y be inserted 
in ten11S of x, and the integral gives the area. Thus 
in the parabola y= ..J a x, therefore d x .J a x is the 
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fluxion of the area and its fluent, or which is the 
h . h fl f 2 y! d "/ . 2 y3 
same t lng, t e uent 0 . "IS - X -, or 
a 3 a 


2 ' .. C\ 
Y I " 
 h " 1 f h 
3 X =-- X y" t lat IS, õ X y, or two-t Ire sot e 
a ù 


rectangle of the co-ordinates" as \ve kno\v froln 
conic sections" 
N ext, we have seen that the ratio of the infinitelv 
oJ 
sman rectilinear sides into \vhich a curve line 
may be divided (each of those snlall lines being 
the hypothenuse of a right angle triangle, the 
sides of \vhich are the fl uxions of the co-ordinates 
N T, or M N), to the infinitely small portions of the 
curve itself is that of equality; therefore the fluxion 
of the curve is equal to the square root of the sum 
of the squares of the fluxions of the o rdinate and 
abscissa, and that fluxion is equal to ,J d X S + d y'j. 
Hence in the circle" an arc \vhose cosine is x and 
rclx 
radius r is equal to the fluent of . And an 
.ý 1,2- x 2 
arc \vhose cosine is 1" - X, is eqnal to the fluent of 
l' d x 

 2 r x - :r" 
Again, because solids may in like manner be 
considered as composed of infinitely thin solids or 
plates, one placed ullon the other, their fluxion is 
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the area of the surface multiplied by the fluxion of 
the axi
. Thus the base of any solid generated by 
the revolution of a surface rectilinear or curved 
must be a circle" and the proportion of the radius 
to the circull1ference being taken as r : c" y being 
the ordinate to the line bounding the vertical sec- 
i 
tion, the surface will be C Y and the fluxion of the 
2r 
axis x being d x, the fluxion of the solid will be 
c y2 d x. h . h . f b ,. d f 
" In W IC Y III tern1S 0 x elng lnserte ronl 
2r 
the boundary line's equation" the fluent gives the 
solid content. Thus if the line ,vhich bounds is 

traight and parallel to the axis" or the solid is a 
cylinder, its content is the circle multiplied by the 
aKis; and if the line is drawn to a point in the axis" 
or the solid is a cone" then its content is one-third 
of the same product" or one-third of the cylinder" 
a well-known property of those two figures, proved 
by ordinary geometry. So in like manner we find 
the sphere to be tWQ- thirds of the circumscribing 
cylinder" the celebrated discovery of Archimedes" 
of which he caused the diagram to be inscribed on 
his ton1b. 
Lastly, it filay in like manner be shown that the 
radius of the osculating circle at any point of any 
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curve, that is" the circle touching it at such point, 
and having the sanle curvature with it at that point" 
8 
(d æ l + d 'I 
 ) 2 
is equal to Y " where d y being 
:f: d x' X d ( 
 
 ) 
found in ternlS of x" the fluxion of it ?I is to 
dx 
be taken, so that there will in the result in each case 
be no fluxions at all. Thus in the 11 arabol a y2 = 2 a x" 
the radius of curvature is = 
 "2xa+a x (2x+a). 
In all these operations" however, it nlust be ob- 
served, that as constant. or invariable quantities ha'"e 
no fluxions" so when we reverse the operation and find 
fluents from given fluxional expressions" we never 
can tell whether a constant must not be added in order 
to conlplete that quantity" by taking whose fluxion 
the given expression ,vas originally obtained. The 
determining of this constant quantity, and the finding 
whether there be any or not" depends upon the 
particular conditions of each problem. It is always 
added as a matter of course. Thus when ,ye 
integrate d x + d y, we cannot tell whether this quan- 
tity arose from taking the fluxions of x and y only, 
or from taking the fluxion of x + y + c, and it nlust 
depend upon the nature of the question \V hethel" C 
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i
 to be adJed to the fluent or no; and If to be 
added, how it shall be ascertained. 
Having eXplained this important Dlethod of in- 
\"estigation" by the help of which Newton "Tas 
enabled to Dlake his greatest matbematical disco- 
veries, and by the principles of which he demonstrates 
them in the Principia, it only remains, before pro- 
ceeding to the analysis of those discoveries, that we 
should relnark the preference which he gives to the 
geometrical nlethods, inlproved and adapted to his 
purpose by the doctrine ofprin1e and ultimate ratios. 
tIe uses this doctrine similar in principle to, and the 
foundation of: the noble and refined calculus which 
wp have been considering; but he does not at aU 
employ that calculus. 


The First book treats of the Dlotion of bodies 
without regard to the resistance of the mediunl 
that fills the space in which they nl0\-e; and it is 
principally devoted to the consideration of nlotions 
in orbits deternlined by centripetal forces, and to 
examine the attraction of bodies. The Second book 
treats of the resistance of fluids chiefly as affecting 
the 1110tions of bodies that more in them. The 
'J'hird book contains the application of the principles 
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thus established to the motions" attractions, and 
figures of the heavenly bodies. 
I. 
The fundamental proposition, as it may justly be 
tern1ed, of the whole system" is one \vhich K ewton's 
predecessors may be said to have nearly reached; 
which Kepler, had he been more inclined to trust 
demonstration than elnpirical observation" certainly 
,yould have attained; and ,vhich Galileo wouldn10st 
certainly have discovered had he contemlJlated the 
facts discovered by Kepler" particularly his second 
law*-it is this. If any body is dri,-en by any 
single impulse or force of projection" and is also 
drawn by another force so as to revolve round a 
fixed centre", the radius vector" or line drawn from 
the body to that centre" describes areas which are 
in the sanIe fixed plane" and are always proportional 
to the times of the body's motion; and conversely" 
if any body which mo\-es in any curve described in 
a plane so that the radius vector to a point either 
fixed or moving uniformly in a straight line" de- 
scribes areas proportional to the tinles of the body's 
Dlotion" that body is acted on by a centripetal 
force tending to,vards and drawing it to the point. 


* See the historical notice above respecting this second law, 
viz., that the planets describe areas proportional to the times by 
their radii vectores. 
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To l)ro,.e this, we have to consider that if a body 
nloves equably on in a straight line, the areas or 
triangles which are described by a line drawn from 
it to any point are l)roportional to the portion
 of 
the straight line through which the body Dloves" 
that is" to the tin1e" since it l110ves through equal 
spaces in equal times" because those triangles" having 
the san1e altitude, are to one another in the propor- 
tions of their bases. S being the point and A 0 
the line of motion" SA B is to S B c as A B to B c. 
o 


d 

\ 
/
c 
/ 


. 
./ 
.. 


s 


A 


If then at B a force aets in the line S B" drawing 
the body towards S, it ,,-ill l110ve in the diagonal 
Be of a parallelogram of which the sides are B c 
and B V" the line through which the deflecting force 
would make it mo\"e if the motion caused by the other 
force ceased. C c therefore is parallel to V B, and 
the triangle S B C is equal to the triangle S B c; con- 
sequently the 1110tion through A Band B C, or the 
tinIes" are as the two triangles SA Band S Be: 
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and so it nlay be proyed if the force acting towards 
S again deflccts the body at C, making it moye in 
the diagonal C D. If, no\v, instpad of this rleflecting 
. 
force acting at intervals A, B, C, it acts at every 
instant" the intervals of time hecoming less than any 
assignable time" and then the spaces i\ D" B C" C D 
l\--ill beconle also indefinitelysnlall and nUlnerous, and 
they will form a curye line; and the straight lines 
drawn from any part of that curve to S will describe 
curvilinear areas, as the body mo,-es in the cun-e 
ABC D, those areas being proportional to the 
times. So con'
ersely" if the triangles S B c and 
S B C are equal" they are between the same parallels" 
and c C is parallel to S B" ancl D d to S C; con- 
sequently the force which deflect::; acts in the lines 
S Band S C" or towards the point S. It is equally 
Dlanifest that the direction of the lines B c, C d" 
from which the centripetal force deflects the boùy, is 
that ofa tangent to th
 curve which the body describes" 
and that consequently the yelocity of the body is in 
any gi\-en point proportional to the perpendicular 
drawn from the centre to the tangent; the areas of 
the triangles whose bases are equal, being in the 
proportion of their altituùe, that is, of those perpen- 
dicular and those areas vary by the 11roportion, 
proportional to the tin1es. 
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There are several other corollaries to this UTI- 
portant proposition which deserve particular atten- 
tion. Injig.2, Be and De are tangents to the 
curve at Band D respectively, B C and D E the 
arcs described in a gÌ\-en time; C c and E e lines 
parallel to the radii vectores S Band S D respec- 
v. ') 
.L'lg. _. 
e 

/ 


c 


s 


V B 


ti\"ely, and C V" E cl to the tangents. The centripetal 
forces at Band D must be in the proportion of VB 
and d D (being the other sides of the parallelogram 
of forces) if the arcs are evanescent, so as to coincide 
with the diagonals of the paraUe lograms V C and de. 
Hence the centripetal forces in Band D are as the 
versed sines of the eranescent arcs; and the san1e 
holds true if instead of two arcs in the saUle curre" 
we take two arcs in different hut sill1ilar cun-es. * 


* If B C, DE, are bisected, the proportion is found with the 
halves of VB, D d; and that is the same proportion with the 
\V hole versed sines. 


YOLo II. 


o 
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From these propositions another follows plainly
 
and its consequences are rnost extensive and im- 
portant. If two or more bodies move in circular 
orbits (or traJectories) with an equable motion" they 
are retained in those paths by forces tending towards 
the centres of the circles, and those forces are in the 
direct proportion of the squares of the arcs described 
in a gllren time" and in the inverse proportion of 
the radii of the circles. 
First of all it is plain, by the fundamental propo- 
sition" that the forces tend to the cent.res S" s, because 
the sectors A S Band P B S being as the arcs A B, 
B P" and the sectors as b" b s p" as the arcs a b" 
b p" ,vhi
h arcs being all as the times, the areas are 
proportional to those times of describing them, and 
therefore S c s are the centres of the deflecting forces. 
Then, drawing the tangents A C, a c, and completing 
the parallelograms DC" d c" the diagonals of which 
coincide with the e\
anescent arcs A B, a b" we have 
the centripetal for
es in ...-\. and a, as the versed sines 
A D" ad. But because A B P and a b p are right an- 
gles (by the property of the circle)" the triangles 
A D B, A P B, and a d b" a p b" are respectively 
sinlilar to one another. \Yherefore AD: A B : : 
1\ B2 
A B : A P and A D = A P" and in like n1anner 
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ab! 
ad::::: -, or as the e\?anescent arcs coincide 'with 
ap 
A 


a c 


( 


'" 


p 


A B2 a b S 
the chords" A D = arc A P and ad::::::: arc -. I
 ow 
- ap 
these are the properties of any arcs described in 
equal tilnes; and the diameters are in the propor- 
tion of the radii; therefore the centripetal forces 
are directly as the squares of the arcs" and inversely 
a!' the radii. 
It is difficult to inlagine a proposition more fruit- 
ful in consequences than this; and therefore it has 
been dernonstrated with adequate fulness. In the 
first place, the arcs described being as the velocities, 
if F" f are the centripetal forces" and V, v the 
velocities" and R, l' the radii, F : f :: V2 : v
; 
VB v 2 
and also :: r : R" or F : f: : R : -;. N O'V as 
in the circle V and R" v and r are both constant 
quantit.ies, the centripetal force is itself constant" 
02 
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,vhich retains a boùy by deflecting it towards the 
centre of thp circle. 
S'econdly. The tinles in which the whole circles 
are described- (called the periodic tinles) are as the 
total circunlferences or peripheries; T : t : : P : i), 
but the peripheries are as the radii or : : R : '}'. 
P J) 
Therefore T : t :: R : 1'; also V : v :: T : t' 
R 1- 
therefore inv
rsely as the radii" or T : t:: V : -:;;' 
R2 r 2 
anù V2 : v 2 :: rr 2 : (1. ' But the centripetal forces 
V
2 l J1 
F : f:: - R : -; substituting for the ratio of\-2 : v 2 , 
L \, r 
R2 '}.2 R '). 
its equal the ratio of 1"'2 : 7) F : f: : 1'2 : {!. ; 
br the centripetal forces are directly as the distances 
and inversely as the squares of the periodic times; 
the forces being as the distances if the times are 
equal; and the tilnes being equal if the forces are as 
the distances. It also follows that if the periodic 
R 
tin1e
 are as the distances, F : f: : 1{2 : r 2 ; that is" 
1 1 
: : R : 
 or inversely as the distance:-5. In like 
D1anner if the periodic times are in proportion to any 
power 'Jl, of the distance, or T : t : : R" : 1,n, 
,re shall have T2 : t 2 : : R 2 ß : 1,1 nand F : f: : 



PRI
CIPIA. 


293 


R . '/. 


1 1 
that is : : l{
h'-l : r'i.n-::ï ; and conyersely 


]{ n n : -;;-;;; 
... 'Jo- 


if the centripetal force is in the inverse ratio of the 
(2 n - 1 Y h power of the distance, the perioùic tinle 
is as the u tll power of that distance. Likewise as the 
R 
yelocities of the bodies in their orbits or V : v : : rr 
.r 
: l' if we lllake T : t :: R n : 'Jon" then V : v : : 
R r 1 1 
1{n : 7' or :: n, n-l : 1.n-I" Thus" snppose n is 


3 1 
equal to =J we hare for the relocities V : l' : : -== 

 JR 
1 
: -=-=., or they are in the in,-erse subduplicate pro- 
J ,}" 
portion of the distances; and for the centripetal forces 
I 1 1 1 
we ha\-e F : f:: l{ 
-l : 'J,3-1 : : }{2 : 
 or the at- 
traction to the centre is inyersely as the square of 
3 3 s 
the distance. X ow if 1l == 
, T : t : : IV
 : 1'
 or Ti 
: t
 : : R 3 : r 3 ; in other words the squares of the 
periodic tin1es are as the cubes of the distances fronl 
the centre" which is the law discovered by Kepler 
act u all y to preyail in the case of the planets. And 
as he also showed that. they describe equal areas in 
equal tinles by their radii yectores ùrawn to the sun, 
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it follo,vs from the fundamental proposition" .fiTst
 
that they are deflected from the tangents of their 
orbits bv a power tending towards the sun; and then 
0/ .. 
follows" secondly, from this last deduction respecting 
I 1 
it, the proportion of F : f: : R 2 : r 2 " that this central 
force acts inversely as the squares of the distances, 
always supposing the bodies to D10ve in circular 
orbits" to which our deD10nstration has hitherto 
been confined. * 
The extension-, however" of the same important 
proposition to the motion of bodies in other curves 
is easily made, that is to the D10tion of bodies in 
difl'erent parts of the same curfe or of curves which 
are similar. For in evanescent portions of the same 
curve" the osculating circle or circle which has the 
same curvature at any point coincides with the curve 
at that point; and if a line is drawn to the extremity 
of that circle's diam2ter, A 1\1 B and a 111, b D1ay be 
considered as triangles; and as they are right angled 
at 1\1 and 11Z" A 1\1 2 is equal to A P X A B and a 111 1 to 
a p X a b; and ,vhere the curvature is the same as 
in corresponding points of sin1Ïlar curves" those 


.. "\Ve shan afterwards show from other considerations, that this 
sesquiplicate proportion only holds true on the supposition of the 
bodies all moving without exerting' any action on each other, when 
we come to consider Laplace's theorems on elliptical motion. 
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squares are proportional to the lines A P, or a p.. or 
A 


p 



D 


B 
those ,-ersed sines of the arcs A 1'1 and a 'In are 
proportional to the squares of the small arcs. Hence 
if the distances of two bodies from their respective cen- 
tres of force be D, d" the deflecting force in any points 
A and a beinO" as the versed sines, those forces 
o 
are as .A. l\P : a 'ln
; and fronl hence follows gene- 
rally in all CUf\-es, that which has been denlon- 
strated respecting nlotion in circular orbits. The 
planets then and their satellites being known by 
Kepler's laws to lTIOVe in elliptical orbits, and to 
describe round the sun in one focus areas pro- 
portional to the times by their radii vectores drawn 
to that focus, and it being further found by those 
laws that the squares of their l)eriodic times are 
as the cubes of the mean distances from the focus" 
they are by these propo::;itions of Sir Isaac N e,vton 
which we have been considering, shown to be de- 
flected from the tanaent of their orbit" and retained 
o 
in their l)aths by a force acting in\-ersely as the 
squares of the distances from the centre of motion. 
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But another ilnportant corollary is also derived 
from the same proposition. If the projectile 
or tangential force in the direction A T ceases, 
- 
the body instead of n10,.ing in any arc A N" is 
drawn by the same centripetal force in the straight 
line .L\ S. Let A n be the part of A S, through 
"which the body falls by the force of gravity, in the 
same time that it ,vould take to describe the arc AN. 
Let A 1\1 be the infinitely small arc describeù in an 
instant; and A P its versed sine. It was before 
shown, in the corollaries to the first proposition, 
that the centripetal force in .A. is as A P, and the 
body would mo,.e by that force through A P, in the 
same time in which it describes the arc A 1\1. Now 
the force of gravity being one whieh operates like 
the centripetal force at every instant" and unifornl1 y 
accelerates the descending body, the spaces fallen 
through will be as the sq nares of the times. rrherc- 
fore, if A n is the space through which the body 


A 


T 


n 


s 


n 
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falls in the same tilne that it describes ..A.. K, A P is 
to A n as the square of the tinle taken to describe 
A 1\1 to the square of the time of describing A Nt 
or as A )1 1 : A N
, the motion being uniform in 
the circular arc. But A 1\1, the nascent. arc" is 
equal to its chord, and A 1\1 B being a right angled 
triangle as well as A P 
1" A B : .L
 1\1 : : A ßI : A P 
A l\Ii 
and ...\ P = All. Substituting this in the former 

\ l\1! 
proportion, ,ve haye AB : ...
 Jl : : A :;\1 2 : A 1\1) or 
Al\P 
A 'Jl : A :K 2 :: A If : A l\!!Z" that is :: 1 : A B. 
Therefore A 1\2 = A n X A B, or the arc described" 
is a mean proportional between the diameter of the 
orbit, and the space through which the body would 
fall by gra\-ity alone, in the saIne time in which it 
describes the arc. 
:K ow let 
\ 
I N B represent the orbit of the 
nloon; .A. X the arc described by her in a minute. 
Her whole ppriodic time is found to be 27 days 
7 hours and 43 n1inutes, or 39,343 minutes; con- 
sequently .L
 
 : 2.A. X B : : 1 : 39,343. 
1\ ow the mean distance of the 11loon from the earth 
is about 30 diameters of the earth, and the diameter 
of her orbit, GO of those diameters; and a great circle 
03 
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are led from this proposition, that the centripetal 
forces are as the squares of the arcs described 
directly, and as the distances inversely. The great 
discovery of the la\v of the unÍ\"erse, therefore, is 
unfolded in the very beginning of the Principia. 
But the rest of the work is Occul)ied with tracing 
the ,.arious consequences of that law" and first of all 
in treating generally of the laws of curvilinear 
n10tion. The den10nstration of the moon's deflec- 
tion has been now anticipated and expounded froln 
the Third Book, where it is treated with even rnore 
than the author's accustomed conciseness. But there 
seemed good ground for this anticipation, inasn1uch 
as the Scholiunl to the Fourth Proposition refers in 
general terms to the connexion between its corolla.. 
ries, and the Theory of Grayitation. 
The versed sine of the half of any e,-anescent arc 
(or sagitta of the arc) of a CtUTe in which a body re- 
volves, was proved to be as the centripetal force, and 
as the square of the times; or as F X Ti. Therefore 
the forceF is directly as the versed sine, and in,-ersely 
as the square of the tillie. Froin this it follows that 
the central force may be measured in se,-eral ways. 
The arc being Q C" we are to measure th
 central 
to ce in its n1Ïddle point. P. Then the areas bping 
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as the times; twice the triangle S P Q" or Q L X 


/8 
/ 
Iv 


)1 


S P is as"1' in. the last expression; and, therefore, 
Q R bf:'ing parallel to L p, the central force at P is 
QR 
as S pi X L Q
 . So if S ì" be the perpendicular 
upon the tangent P Y, because P R and the arc 
P Q, evanescent, coincide, twice the triangle S P Q 
is equal to S Y X Q P; and the central force in P 
. QR 
IS as S 1':2 X Q 'pi . Lastly, if tGe revolution be in 
a circle" or in a curve having at P the san1e curva- 
ture with a circle whose chord passes from that point 
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through S to V, then the 111eaSUre of the central 
I 
force \vill be S Y2 X P V . By finding the value of 
those solids in any given cur,-e" \ve can detern1Íne 
the centripetal force in terms of the radius vector 
S P; that is, \ve can find the proportion which the 
force 11lUst bear to the distance, in order to retain 
the body in the given orbit or trajectory; and con- 
versely, the force being given" we can determine 
the trajectory's form. 
This proposition then, with its corollaries, is the 
foundation of all the doctrine of centril)etal forces, 
".hether direct or inverse, that is, whether we regard 
the method of finding, from the gi\-en orbit, the force 
and its proportion to the distance, or the method of 
finding the orbit. from the given force. "r e must" 
therefore" state it luore in detail" and in the analy- 
tical nlanner, Sir Isaac Newton having deli,:ered it 
synthetically, geoluetrically" and with the utmost 
brevity. 
It 111ay be reduced to five kinds of formulæ 
1. If the central force in hvo sin1Ïlar orbits be 
called F and f, the times T and t" the versed sines 
S s 
of half the arcs Sand s, then F : f: : Ti : t2 and 
2S 
generally F is as T . 
2. But dra\v S P to any gn-en point of the 
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orùit in the n1Íddle of all infinitely small arc 
Q C. Let T P touch the curve in P, draw the 
})erpendicular S Y from the centre of forces S to 
P T produced, draw S Q infinitely near S P" and 
Q R parallel to S P, Q 0 and R 0 parallel to the 
co-ordinates S 1\1, ]VI P. Then P being the middle 
of the arc" twice the triangle S P Q is proportional 
to the tinle in which C Q is described. Therefore 
Q P X P S or Q L X PSis proportional to 
the time; and Q R is the versed sine of C oQ , 
táI 
S Q R . 
therefore F as T
 becolnes F as L Qi X S pi ; and If 
S 
I = .:1-'" 1\1 Pc: Y, and because the sinlilar tri- 
. Qo X SP 
angles Q R 0 and S 31 P gn"e Q R == 

, 
and because A 1V[ being the first fluxion of S 
I, 0 Q 
is its secon d flux ion (negatiyely), therefore Q R == 
- dix X Ix'i.+v 2 
-v .1 (taken with reference to d t con- 
x 


" -d 2 x J Xi+y2 
stant)" and F IS as ____. But L Q2 
x X LQ
 X (xi+y'J; 
= Q p51 _ L p
 and L P is the fluxion of SP or 
(x d 1J + '1J d X)2 j 
J Xi + Y 2. Therefore L Q2 = .. 
- = 
x:S + y'à 
# " 2 
y" ( d :r. ) . - d 2 .re.J Xi + y
 
\ y, and F IS as ( X ) :Ii . 
x'i + yi x y4 d - . 
, y 
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But as the fluxion of the tilne (L Q X P S) may 
be 111ade constant" Q R will represent the cpntripetal 
force; a nd that force itself will therefore be as 
d 2 x .J Xi + " 11'1. 
 . " 
'" taken with reference to d t 


x 


constant. 
3. The rectangle S I" X Q P being equal to Q L 
T ydx-xdy 
X S P and S 1 = -- , we ha,oe F as 
J d Xi + d y9. 
QR QR QR 
SP X QP' (ydx-xd?J)'- y.( d ; r 
Q R Q pi 
4. Because F = S Y2 X Q pi and Q R is equal to 
the chord P V of the circle, which has the san1e 
CUITature with Q P 0 in P, and whose centre 
is K (because Q p2 = Q R X P V by the nature 
of the circle and the equality of the evanesce nt 
Q p2 
arc Q P with its sine, and thus P V = Q l{ ), 
Q R 1 . 1 
therefore Q p
 == }> ..v and F IS as S y i X P V .. 


11= Of these expressions, although I have sometimes found this, 
which was first given by Herrman, serviceaLle, I generally prefer 
the two, which are in truth one, gi wl1 under the next heads. But 
o . d 2 X .J .r
 + !Ii .. " 0 
ihe expresSIOn first given - 4 
 IS wIthout mtegratlOn 
xy (d:) 
!I 
an useful one. 
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In like manner if the velocity" which is inversely as 
v 2 
S Y, be called t", F is as p V. Now the chord of the 
osculating circle is to twice the perpendicular S Y 
as the fluxion of S P to the fluxion of the perpendi- 
cular. and callinO' S P the radius vector '1', and S Y 
, I:) 
2pdr dp 
p weha,"e PV ==- d "F is as 3d ; and also F 
, P '2 J') r _.1 
Vi dp . 
is as 2 dr . In these formulæ, substitutIng for p and 
r their values in terms of x and y, we obtain a n1ean 
of estinlating the force as proportioned to r, lrhich 


-- 
is J x'i + y'i. 
5. The last article affords, perhaps, the most 
obvious nlethods of arriving at central forces, both 
directly and in'
ersely. Although the quantities 
become involved and embarrassing in the above 
general expressions for all cur,-es, yet in any gi,-en 
curve the substitutions can more easily be made. 
A chief recommendation of these expressions is, that 
they in,"olve no second fluxions" nor 
T}Y but the first 
powers of any fluxions. But it nlay be proper to add 
other formulas which have been O'i,-en" and one of 
o 
which, at least, Is1110re con\-enientthan any of the rest. 
One expression for the centrifugal force' (and 
one son1etimes erroneously gi,-en for the centri.. 
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d8' 
petal)* IS 
, s being the length of the curve 
2R 
and R the radius of curvature; this gives a ready 
means of working if the radius is known. But 
its general expression involves second fluxions, 
d .S3 
the usual formula for it bein g ( d Y) ' 
clx'xd clx . 
dy 
consequently we must first find dx = X (a function 
of æ), and then there are only first fluxions" 
Another for this radius of curvature is 
ds'l. 
J ' and this is used by Laplace; and 
(d 2 y)i + (d 2 x) 'I. 
rdr 
another is dT' which" with other valuable for.. 
P. 
mulas, is to be obtained from Maclaurin's Fluxions. 
But the formula generally ascribed to John Ber- 
nouilli (Mém. Acad. des Sciences, 1710), is, per- 
r 
haps, the most elegant of any, F = ; 
2. p3 X R 
and this results frûm substituting 2 R for its value 
2rdr. h . F d d d b fj 
_, In t e equatIon to , e uce a ove rom 
dp 
N ewton's formula" namely, F == d P . 
2 P 3dr 
* This error appears to have arisen from taking the case where 
the radius of curvature and radius vector coincide, that is, the 
case of the circle, in which the centrifugal and centripetal forces 
are the same. 
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But the proposition is so important, that it may 
be well to prove it, and to show that it is almost in 
terms involved in the third corollary to Prop. VI. 
Book I. of the Principia. By that corollary 
I 
F == --;-- c (C being the osculating circle's chord 
p. 
which passes through the centre of forces). But 
drawing S Y, the perpendiculal
 to the tangent" 


and P C F through the centre of the circle, 
and joining V F, which is, therefore, parallel 
to Y P" we have V P: P F :: S Y: S P or 
2 R.p. . 
C: 2 R:: p: l' and C := - "whlchsubshtuted 
r 


1
 
for C in the above equation" gives F = 2 P3. I{ . 
It is remarkable that the circumstance of this for.. 
n1ula being thus involved in that of Sir Isaac Newton 
seems never to have been observed by I<.eill, who, in 
the Philosophical Transactions, xx,-i. 74, gives a de- 
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monstration of it much Inore roundabout" and as 
of a theorenl which Demoivre had comn1l1uicatecl t.o 
him, adding, that Demoivre also infornled hin10f 
.. 
Sir Isaac Newton ha,-illg invented a sin1ilar n1ethod 
before. In fact" he had above 20 years before given 
it in substance, though not in express terms, in the 
Sixth Proposition" the addition of two lines to which 
at once ".ould ha,.e led to this formula. But, again, 
\vhen John Bernouilli, two years afterwards" wrote 
his letter to l-len'man (l\lém. Acad. des Sciences" 
1710), he gives it as his own discovery" anù as such 
it has generally been treated, with what reason we 
have just seen. He is at much pains to 
tate, p. 529, 
that he had sent it in a letter to Denloivre in Fe- 
bruary, 1706; but the Principia had been published 
nineteen years before. Herrnlan, in his Phoronolnia" 
erroneousl y considers the eXl)ression as discoyered 
by Denloivre" Grandi" and Bernouilli. (Lib. I. 
Prop. XXII.) 
In all these cases p is to be founù first, and the ex- 
pression for it (because, p. 301, T P : P 
J : : T S: S Y 
ydx-xd1J y - - ) 
and T S == d . , and P T = - l J d y'J1 + d X2 
Y ( y 
X 
y2 d- 
IS P = S Y == y d x - x d Y _ Y Also 
J d y'J. + cl XX J d yi + d x-l. . 
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l' = S P == J 3'
 + y
. Then the radius of currature 
s 
( d Xi + cl yi) O 2 cl y 
R l X ( X beinO' - l in tern1S of x, and 
- dXiXl Ocx 
having no fluxion in it when the substitution for d y 
is made") Therefore, the exp ression for the centri- 
J x oJ + 1/ X el Xi X d X. 1 . h 
P etal force becomes . "In W lIC , 
,\2 
'2 Y'C d 
 ) 
when y anù d yare l)ut in tern1S of x, as both nume- 
rator and ùenolninator, will be llllIltiplied by d .7: 3 " 
there will be no fl uxion" antI the force may be 
f()unù in terlllS of the radical-that is" of r, 
though often cOluplicated with x a1so. It is generally 
aùvisable, having the equation of the cUr\'e, to find 
p, r, and R, first by 
ome of the aboye formulæ, and 
then substitute those yalues, or d p and d ')', in either of 
. elp r 
the expressIons for F. 2 3 l or () 3 R ' 
P { r ""p 
To take an example in the parabola, where S 
beioO" the focus, and 0 S == a, 1/:::: 4 a x, and 
o 
 - 
'f 
I == 2 3-
, and p == \- S == J ((t + x) a; l' == 
rdl' 
 a+x 
SP==a+x,audR=- d ==2(a+x), -; 
P a 
TO::; M IS 
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1ve have therefore Ii' as 
2 1)3 . R ::=: 


l' 


a+x 
.2 (a.a+x)! 
 2(a+x)
 a+x = a + x 
a a(a+x? 
I 1 
4 a (a + x) 2 = 4. 0 S . S Pj' or, because 4. 0 S (the 
paran1eter) is constant, inversely as the square of 
dp 
the distance: and the other formula F = 
2 p3 d l' 


I 
gives the same resn1t 4 S p
 ' * 
Again, in the ellipse, if a be half the transverse 
axis, and b t.he eccentricity (or distance of the focus 
from the centre), and r the radius vector" ,ve have p 
/----;.- a d r 
=Ja l -b 2 ==t\j anddp _ , 
211- l' ';1"(2 a-r)
- 
elp 
therefore the formula C) 
 d becomes 
.. 1). '/. 
a d'r rt 

 
 == 2 -r i ' or the force is inversely 
2 .J r X (r)"2 X d l' 
as the square of the ùistance. 
Lastly, as the equations are the same for the 
hyperbola, with only the difference of the signs, the 
value of the force is also illyersely as 'J'I, or the 


* This result coincides with the synthetical solution of Sir Isaac 
Newton in Prop. XIII. 
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square of the distance. I n the circle b :::= 0 and 
] 
a :::::: the radius = r = p; hence the force is as 2r" 
which being constant" the force is everywhere the 
same. But if the centre of forces is not that of the 
circle" but a point in thE' circumference, the force is 
1 
as r5 0 
Respecting centrifugal forces it may be enough 
to add, that if v is the velocity and r the radius, 
Vi 
the centrifugal force j; in a circle" is as;:. Also 
if R be the radius of curvature" and f for any 
. Vi 
curve IS = -. \Vhen a body moves in a circle 
R 
by a centripetal force directed to the centre, 
the centrifugal force is equal and opposite to 
the centripetal. Also the velocity in uniform 


8 
motion" like that in a circle, being as t' the space 


divided by the time, and the arc being as the radius 'I", 
v 2 r 
f is as 'r. t 2 or as ti" If two bodies moying in dif- 
ferent circles have the same centrifugal force, then 
the times are as J r. It is to the justly celebrated 
H uygens that \ve owe the :first investigation of cen- 
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trifugal forces. The above propositions" except the 
second" are abridged from his treatise. * 
The rest of the investigation of centripetal forces 
, 
is an expansion of the fornlulas above given, and 
their application to various cases, but chiefly to 
the conic sections. It may be divided into four 
branches. First, the rules are given for deter- 
mining the central force required to make the body 
move in a given orbit of one of the four conic 
sections. Secondly" the inquiry becomes material 
how curves of a given kind, namely, the conic sec- 
tions" nlay severally be found by merely ascertaining 
certain points in thenl, or certain lines which they 
touch, because this enables us to ascertain, among 
other things, the whole of a planet's orbit, fronl as- 
certaining certain points by actual observation. This 
branch of the subject is purely -mathematical" con- 
sisting of the rules for dra,ving those cur\-es through 
gi,-en points, or between, or touching gi'Ten straight 
lines; and it is subdivided into two heads according 
as one or neither focus is gi,-en. The thÙ'cl object 
is to ascertain the nlotioll, place, and time of bodies 
nl0\ ing in given trajectories generally; and, anlong 
others, also of bodies descending" or retarded in 
ascending, by gravity. The foul"tll branch treats 
· Horologium Oscillatoriurn, Ed. 1673, p. 159, Arr. 
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of tlH:
 con'gerse inquiry into the fi gures of the tra- 
jectories, and the places, tin1es, and Inotion, when 
the nat.ure of the centripetal force is known. 
It is thus Inanifest that the great in1portance of 
ll10tion in the Conic Sections luade Sir Isaac 
K en-ton consider those curves in l)al,ticular, before 
discussing the general subject of trajectories. 


B 


'1' 


i. In exemplifying the use of the forn1ulas we 
have sho,,,n the l)roportion of the force to the 
distance in the conic sections generally, theie 
foci being the centres of forces. Let us now see 
Inore in detail what the proportion is for the 
circle. If S is the centre of forces and I
 of the 
circle, P T a tangent, S Y a perpendicular to it, 
I
 
I and 1\1 P co-ordinates, S I
 == b, I( 0 == (I, 
P 1\1 == y, and 
I K == Ll". 'fhen, by sill1ilar tri- 
angles, T I
 P and rr S ")T, we hl\xe S l
 == 


VOL. n. 


p 
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STxKP, Y 2 
--- or ( becausetne sub-tauaent J,I T == _ 
TK b x' 
nB+bx ( 2a 2 +2bx ) 
and a<J. = x 2 
 y2) a or 
 a ; also 


S P= J a
+ -2 b x + b
, and because by the property 
of the circle 0 S X S B or (a + b) (a- b) = a 2 - [;2 


a 2 - b
 
:= p S X S V; therefore S V = 
.J a'Jl + ':l b x + b 2 


2 ([2 + 2 b x 
and P V = 
,J a 2 + 2 b x + b 2 
N O,V by the formula already stated as Ber- 
nouilli's" but really Sir Isaac Newton's, the centri- 


SP 
petal force in P is as 
 S ys X R ' R being the ra- 
dius of cUl'\9ature, and in the circle that is con- 
stant being == a, the semi-diameter; t.herefore the 


. J a 2 + '"2 ú x + b)/. 
force IS as f.) ( 
) 
 + 2 b I . ) a 
-.I a ....a .1 
8 a 3 


4 a 2 X J a
 + i b .
. + b
 t . B O
 X S p 
or as ; tha\.ls (\oJ n + 9 b ) 3 t 
(
a
 + '"2 b x) a - a- 
 X 
B02 X sp a 
or as 

 (2 a 2 + 2 b X)3 X S P2, 
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B02 
or as ( 
 a-J. + 2 b ;1: t X S pi. 
Sp3 
2 0 2 + 2 b x V 
= P . Therefore the cen- 
.J a i + 2 b x + b l 
B02 
tral force is as p va X S pi' or (because 0 BSI is con- 


2 at + 2 b x 
But S P 


stant) the central force is inversely as the square of 
the distance and the cube of the chord jointly. Of 
consequence, where S is in the centre of the circle 
and b = 0, the force is constant, the expression be- 
. 1 
conllng 'f3; anù if S is in the circumference of 
.... a-e 


the circle as at B, or a =: b, then the expression 
] 
lJecoming 5 " and the chord and 
,J 2 a X (a + x) "2 
radius vector coinciding, the force is inversely as 
the fifth l)ower of the distance" and is also inversely 
5 
as the:) power of the cosine of the angle P S o. 
... 


By a sin1Îlar process it is shown that in an ellipse 
the force directed to the centre is as the distance. 
Indeed, a l)roperty of the ellipse renders this proof 
yery easy. For if S Y is the perpendicular to the 
p2 
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tangent T P, anù N P (the norn1al) parallel to 
S Y, and S A the conjugate axis; S A is a mean 


----------- y 

 
/ /' 
B S N M 0 r 


proportional between S Y and P 
, and therefore 
AS2 
S Y = P N ' also the radius of curvature of the 
ellip
e is (like that of all conic sections) equal to 
4PX 3 
pi ,P being the paranleter. Therefore "
e ha \
e 
to substitute these values for S .Y. and the radius of 
curvature, R, in the expression for the central force, 
SP SP 
2 l{ X S y:) and we have 
 X rp Na A 8 6 
- p
 - X Þ X 3 


p2 
:= 8 1\ 
ð X S P, therefore, neglecting t.he constant 
p2 
81\ 86 ' the centripetal force IS as the distance 
directly. 
From hence it follows" conversely, that if the 



PRn,CIPIA. 


317 


centripetal force is as the distance, the orbit is 
elliptical or circular; for by re,.ersing the steps of 
the last den10nstration we arrire at an {'quation 
to the ellipse; or, in case of the two axes being 
equal, to the circle. I t al
o follows that if todies 
revolve in circular or elliptical orbits round the 
saIne centre, the centre of the figures being the 
centre of forces, and the force being as the 
distance, the periodic tin1e of all the bodies will 
be the sanIe, and the spaces through which they 
mo,-e, howe\-er difipring from each other, will all 
be described in the salne tinle. This propo
ition, 
which sometinles has appeared paradoxical to 
those who didllot sufficiently reflect on the subject" 
is quite e,-ident fron1 considering that the force 
and ,'clocity being increased in }!roportion to the 
distance, and the lengths of sin1Îlar curvilinear and 
concentric figures being in some proportion, and that 
always the same, to the radii, the lengths are to each 
other as tho
e radii, and consequently' the yelocity 
of the whole l1l0renlellt is increased in the saBle 
proportion with the space 1110yed through" lIenee 
the times takcn for performing the whole n10tion 
nlust be the saIne. Thus, if '7 and l' are the ,.elo- 
cities, nand r the radii, Sand s the lines described 
in the tinlCs T and t, by two such bodies round a 
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comnlon centre, V : v : : R: T, and S: s : : l-l : l' ; 
S S S s 
and because ,r := _ and v == _ _ 
 _ :: R : 1', 
T t'T t 


and S : s : : T R : t 1'; or R : l' : : T R : t 1'; and 
therefore T = t. Hence if gravity ,vere the same 
towards the sun that it is between the surface and 
centre of each planet, or if the sun were lTIoved 
but a very little to one side, so as to be in the centre 
of the ellipse, the \V hole planets would revolve round 
him in the same tinle, and Saturn and Uranus would, 
like 1\1 ercury, complete their vast courses in about 
three of our lunar months instead of 30 and 80 years, 
-a velocity in the case of Uranus equal to 75,000 
miles in a second, or nearly one-third that of 
light. 
I t also follows from this proposition that, if such 
a law of attraction prevailed, all bodies descending 
in a straight line to the centre ,vould reach it in 
the same time from whatever distance they fell, 
because the elliptic orbit being indefinitely stretched 
out in length and narrowed till it became a 
straig'ht line, bodies ,,'ould move or vibrate in equal 
times through that line. This is the law of gravity 
at all points ,,-ithin the earth's surface, and Sir I. 
Newton has adapted one of his investigations to it, 
,,-hen treating of the pendulunl. 



PRI
CIPIA. 


319 


Another consequence of this proposition is, that 
if the centre of the ellipse be supposed to be re- 
moved to an infinite distance, and the figure to 
becoine a parabola, the centripetal force being 
directed to a point infinitely remote, becomes con- 
stant and equable; a proposition discovered first 
by Galileo. 
Sir Isaac Newton having treated of the centripetal 
force in conic sections, where the centre of forces is 
the centre of the figure, (and generally whatever be 
the centre in the case of the circle,) proceeds to treat 
of that force where it is directed towards the focus of 
one or other of those curves, and not to the centre. 
It is ea
y to den10nstrate a compendious theorem, 
that which fornlS the subject of his three first pro- 
positions, in which he determines the law of the force 
for the three curves (parabola, hyperbola, and el- 
lipse) severally. For this purpose a simple reference 
to the formulæ already stated will suffice; indeed our 
illustration of those fornlltlæ has already anticipated 
this. 
If 0 P A be a conic section whose paranleter 
is D, S l?" the perpendicular to the tangent 
T P, P R the radius of curvature at P; then 
S y : S P :: k D : P N (the nornlal), and 
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D . S P 4 P N3 
S Y == i. P N ' also P R == D
 ; substitute 
these yalues of S 1" and P R C p and R) in the 
.. 


v 


,
 


/
 
)t 


11 


s 


o 


T 


eXIJreSSIon forrnerly glren for the central force 
SP 


l' 


1 > , and we ha,-e 2 D3. spa 4 P N3 
2 P a X \, X or 
8 p ]\3 D2 
1 , which is CD being invariable) the in- 
D X Sp2 
yerse sqnare of the distance. Therefore any body 
moving in any of the conic sections by a force 
directed to the focus, is attracted by a centripetal 
force in,-ersely as the square of the distance from 
that focus. rrhi
 denlonstration, there fort', is quite 
general in its application to all the conic sections. 
It follows that if a body is irnpeUed in a 
straight line ,yith any yelocity whatever, f.'om an 
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instantaneous force" and is at the same time con- 
stantly acted upon by a centripetal force which is 
inversely as the squarc of the distance frolll the 
centre, the path which the body describes will be 
one or other of the conic sections. For if we take 
the ex p ression 1 anù work backwards" n1ul- 
]). S pj 
1iplying the nurnerator and denominator both by 
S P" and then n1ultiplying the denonlÍnator by 
8 D 2 . P K 3 1 . h ''p h I 
, we 0 Jtalll t c eX ! 1reSSlons lor t e ya ue 
8 Di. P N3 
of S Y, the perpendicular" and for R, the radius of 
cUr\-ature. But no curves can have the san1e value 
of S Y and ll, except the conic sections; because 
there are no 01 her curves of the second order, and 
t hose values give quadratic equations between 
the co-ordinates. By purF:uing another course of 
the same kind algebraically, we obtain an equation 
to the conic sections genera11y, according as certain 
constants in it bear one or other proportion to one 
:;nother. "rhe perpendicular S Y and the raùius 
of curvature are gi,'en in ternlS of the .normal; and 

itller one or the other ",-ill give the equat.ion. Thus 
(d:t;' + d.lj9.) 
 4 P 1\3 _ 4 y3 .
 
R- ------- - X ( dx 2 +d y 2)2 
- ( d 1 ) - D
 D2 d.{'3 
dx 2 X d -.1 
\dx 
which gives D i dx 3 =4y3 X ((l'yd x- dixdy) 
r3 
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an equation to the co-ordinates. I\ O\V whether 
this be resoh-able or not, it proves that only 
one description of curves, of one order, can be 
such as to have the property in question. 'The 
forIner opera.tion of going back from the expression 
of the central force, proves that the conic sections 
answer this condition. Therefore no other curves 
can be the trajectories of boòies moving by a cen- 
tripetal force inversely as the square of the distance. * 
It may be ren1arked that J. Bernouilli objects 
(
1ém. Acad. des Sciences, 1710) to Sir Isaac 
N ewtoll that he had assumed the truth of this in1- 
portant proposition without any demonstration. 
But this is not correct. He cert.ainly gives a very 
concise and compendious one; but he states dis- 
tinctly that the focus and })oint of contact being 
gi\Ten, and the tangent given in position, a conic 
section may be described \vhich shall at that point 
of contact ha,-e a Jiven curvature; that the cur- 
vature is given fronl the velocity and central forc
 
being given; and that two orbits touching each 
other with the same centripetal force and velocity 


'" The equation may Le resoh-ed and integrated; there results, in 
2ydy 
the first instance, the e q uation It x = ,.j .} D2 ' and there- 

 c y
 - 
fore the fiuent is this quadmtic, c 2 x 2 = 2 C U2_D2 + c. 
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cannot be described. This IS In substance what 
we ha"e expounùed in the above denl011stration. 
But it lnust also be observed, as Laplace has re- 
D1arked, that N éwton has in a subsequent problem 
shown how to find the curve in which a body n1ust 
move '\vith a gi\Ten velocity, initial direction" and 
position; and since" when the centripetal force is 
inversely as the square of the distance, the curve is 
shown to be one or other of the conic sections, he 
has thus dernonstrated the proposition in question; 
so that if he had not done so in the corollary to one 
problen1" he has in the solution of another.$ 
J. Bernouilli objects also to a very concise and 
elegant solution of the inverse problem given by 
Herl'lnan in the sanle ,'olulll{.' of the l\Iénloires, and 
which had been communicated to hiu1 before it was 
presented to the Academy. This solution proceeds 
upon his general expression for the centripetal force of 
d i .:1: 
---;;- JX2 + y"J. ; and the objection made is that he 
works the problenl (as he does in a few lines) by 
nlultiplications and divisions which show that he 


* Système du l\londe, liv; v. chap. 5. It is to be obser\'
c.1. that 
the St::n
nteellth Prop. Book I., is exactly t11e same in the first as in 
the suhsequent editiolls, except the immaterial aùdition of a few 
lines to the demonstration. Consequently, Bernouilli must hav
 
been awar
 of it when he wrote in 1710. 
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was previously a\vare of the solution in the case of 
the conic sections. But this is no objection to a 
solution which being of a problenl already known, 
can only be regarded as a delnonstration that the 
former solution was exact. It is an objection which, 
if ,-alid, applies certainly to the demonstration which 
\ve have just gi,-en of the proposition; but so it does 
to all the denlonstrations of the ancient geometrical 
analysis. It is a n10re substantial objection that 
Herrman olnitted a constant in his integration; but 
by adding it, Bernouilli shows that the equation 
which Herrnlan found, when thus corrected, ex- 
presses the conic sections generally. 
This truth, therefore, of the necessary connexion 
between motion in a conic section and a centri- 
petal force in,-ersely as the squarp of the distance 
fronl the focu!5, is fully established by rigorous de- 
n1onstration of ,-arious kinds. 
If \ye now compare the 111otion of different bo- 
dies in concentric orbits of the sanle conic sections, 
\ve shall find that their nlotion, the areas which 
their radii vectores describe round the same focus, 
are to one another in the subduplicate ratio of the 
}')arameters of those curves. From this it follows" 
that in the ellipse whose conjugate axis is a mean 
proportional between its tranS\Terse axis and para- 
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meter, the whole titn
 tal,en to re\90h'e (or the pe- 
riodic time) being in the proportion of the area (that 
is in the l)roportion of the rectangle of the axes) in- 
\-ersely, and in the subduplicate ratio of the para- 
meter directly, is in the sesquiplicate ratio of the 
transverse axis, and equal to the periodic tilne in a 
circle whose diailleter is that axis. I t is also ea
y 
to show from the fornlula already given respecting 
the perpendicular to the tangent, that the veloci- 
tie
 of bodies moving in sinlÍlar conic sections 
rounù the sanle focus, are in the con1pound ratio of 
the perpendiculars inversely and the square roots of 
the parameters* directly. Hence in the l)arabola 
a '"ery sinlple expression obtains for the vf'locity. 
For the square of the perpendicular being as the 
distance fron1 the focus by the nature of the curye, 
(the fornler being a 2 + a x, and the latter a + x), 
the yelocity is in,-ersely as the square root of that 
distance. In the ellipse and hyperbola where the 
square of the perpendicular yaries differently in 
proportion to the distance, the law of the velocity 
varies differently also. The square of the perpen- 
dicular in the ellipse (A being the trans\-erse axis 
and B the conjugate, anù r the radius ,-ector) is 
* By parameter is always to be understood, unless otherwise 
mentioned, the principal parameter, or the parameter to the prin- 
t:ipal diarnet
r, 
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B j X 
 . 
In 
A-r; 


B2 X r 
the h yp erbola
 
A +'1''' 


or those 


r 
squares of the perpendicular vary as -- and 
A-r 


r 
A + 1" in those CUl',.es respectiYely
 B' being con- 
stant. Hence t.he velocities of bodies rl1ovinO" in the 
o 
former curve vary in a greater ratio than that of the 
in\Terse suhduplicate of the distance" or 1-.:. " and 
.v'1' 
in a smaller ratio in the latter curve
 while in the pa- 
l 
rabola ,;; is their exact measure. 
To these useful proposit.ions, Demoivre added a 
theorem of great beauty and simplicity respecting 
motion in the ellipse. The velocity in any point P 
is to the velocity in T, the point where the conjugate 
axis cut'5 the curve, as the square root of the line 
joining the former point P and the more distant 
focus" is to the square root of the line joining P 
and the nearer focus. I t follows from these pro- 
positions that in the ellipse" the conjugate axis 
being a mean proportional between the transverse 
and the parameter" and the periodic time being as 
the area" that is as the rectangle of the axes 
directly" and the square root of the parameter 
inversely, t being that time" a and b the axes" and 
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ab 
p the parameter, t == . /- , and b 2 == a p; there- 
'\' IJ 
fore a b == a .J a p :::: 
 a 3 X 
 p ; and t == J a 3 " and 
t l == a 3 ; or the squares of the periodic tin1es are 
as the cubes of the D1ean distances. So that all 
Kepler's three laws have now been demonstrated, 
it priori, as mathematical truths; the areas pro- 
portional to the tin1es, if the force is centripetal, 
and the elliptical orbit and sesquiplicate ratio of 
the tinles and distances, if the force is in \Tersely as 
the squares 
of the distances, or in other words if 
the force is gravity. 
Again" if we ha,-e the velocity in a given point, 
the law of the centripetal force, the absolute 
quantity of that force in the point, and the direc- 
tion of the projectile or centrifugal force, we 
can find the orbit. The ,"elocity in the conic section 
being to that in a circle at the gi,-en distance D, as 
Ul to '1l, and the perpendicular to the tangent being 
2 nz p 
p, the lesser axis will be .J ' and the 
2 n 'J._ m ':J. 


2 Dn 2 
greater axis 2 I 
 , the signs being reversed in 
n -m 


the denominator of each quantity for the case of 
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the hyperbola. I-Ience the very important con- 
clusion that the length of the greater axis does not 
depend at all upon the direction of the tangential 
or projectile force, but only upon its quantity., 
the direction influencing the length of the lesser 
axis alone. 
Lastly, it may be observed, that as these latter 
propositions gi,-e a measure of the velocity in tern1S 
of the radius vector and perpendicular to the tan- 
gent for each of the conic sections, we are enabled 
by kno\ving that yelocity in any giyen case where 
the centripetal force is inversely as the square of 
the distance, and the absolute amount of that force 
is given, as well as the direction of the projectile 
force and the l}oint of the projection, to determine 
the paralnetcrs and foci of the cun-c, and also 
\vhich of the conic sect.ions is the one described 
with that force. For it will be a parabola, an hy- 
perbola, or an ellipse" according as the expression 
obtained for p'j (the square of the perpendicular to 
the tangent) is as the radius vector, or in a greater 
proportion, or in a less pJ"oport ion. This is the 
problem above referred to, which John Bernouilli 
had entirely overlooked, when he charged Sir Isaac 
Newton \vith having left uUIJroved the iUlportant 
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theoren1 respecting lllotion in a conic section, which 
is clearIv involved in its solution. 
., 
Before leariug this proposition" it is right to 
observe that the two last of its corollaries give 
one of those sagacious anticipations of future 
discovery which it is in vain to look for anywhere 
but in the writings of this great n1an. * He says" 
that by pursuing the methods indicated in the in- 
vestigation, we may determine the yariations im- 
})ressed upon curvilinear n10tion by the action of 
disturbing, or, what he terms, foreign forces; for the 
changes introduced by t.hese in son1e places, he sa y
, 
l11ay be found, and those in the intermediate places 
supplied, by the analogy of the series. This was 
reserred for Lagrange and Laplace, whose inl- 
mortal labours ha\
e reduced the theory of dis- 
turbed Dlotion to almost as great certainty as that 
of untroubled n10tion rounù a point by virtue of 
forces directed thither.t 
'Ve have thus seen how importænt in detern1ining 
all the questions, both direct and inverse, relating 


111 See a singu!ar anticipation respecting àynamics, by Lord 
Bacon, in De 
4n9' Lib. III., under the head Translation of Experi- 
ments. It was pointed out to me by my le,uned friend B. l\Iontague. 
t Laplace (Méc. Cél. lib" xv. eh. i.) refers to this remarkable 
passage as the germ of Lagrange's investigations in the Berlin 
l\Iémoires for lïSG. 
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to the centripetal force, are the IJerpendicular to 
the tangent and the radius of curvature. Indeed 
it must evidently be so, when 've consider,jìl'st, 
that the curvature of any orbit depends upon the 
action of the central force" and that the circle coin- 
ciding with the curve at each point, beside being of 
\vell-known propertie
, is the curve in which at all 
its points the central force 111ust be the same; and, 
secondly, that the perpendicular to the tangent 
forms one side of a triangle similar to the triangle 
of \vhich the fluxion of the radius vector is a side; 
the other side of the fornler triangle being the ra- 
dius vector, the proportion of which to the force 
itself is the nlaterial point in all such inquiries. 
The difficulty of solving all these problems arises 
from the difficulty of obtaining simple expressions 
for those two lines, the perpendicular p and the 
radius of curvature R. The radius vector r being 
always J x'Jj + y'Jj interposes little en1barrassment; 
but the other two lines can seldom be concisely and 
sinlplyexpres:;ed. In some cases the value of F, the 
force, by d 1
 and d p 111ay be more convenient than 
in others; because p may involve the investigation 
in less difficulty than R; besides that]l enters into 
the expression \vhich has no fluxions. But in the 
greater number of instances, especially where the 
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l' 
curve IS gIven, the fOL'mula will be found 
2 p 3R 
most easily dealt with. 
ii. The next branch of the inquiry relates to the 
describing the conic sections severally, 'where certain 
points are given through which they are to pa3s, 
or certain lines which they are to touch. The sub- 
ject is handled in two sections" (the fourth and 
:fifth,) the first of which treats the case where one 
of the foci is gi,-en; the second the case where 
neither focus is given. This whole subject is purely 
geo111etrical; and exhibits a fertility of resources in 
treating these difficult problems" as well as an ele- 
gance in the manner of their solution" which 
has few parallels in the history of ancient or 
modern ge0111etry. This portion of the Principia" 
however, is incapable of abridgment; and there 
is no advantage whatever in resolving the problems 
analytically" but .rather the contrary; for with the 
exception of one of the lemmas, in demonstrating 
which Sir Isaac Newton himself has recourse to 
algebraical reasoning in order to shorten the 
proofs, the geometrical process is in almost every 
instance extremely concise" in all cases much lnore 
beautiful, and less encumbered than the algebraical. 
The superiority of the former to the latter method 
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of investigation In such solutions IS apparent on 
trying algebraicalJy some simple case as in the so- 
lution, describing a circle through three points, or 
through two points
 and touching a line gi\"en In 
position; no little elubarrassn1ent results fro111 the 
number and entanglement of the quantities in the 
solution. Even so great a master of analysis as 
Sir lsaac K ewton" in soldng the problenl of de- 
scrjbing a circle through two points
 touching a 
givC'n line, co uld find no better e X11ression than 
- (>' b J e 'i'll' + e 'i.a? - d
 a 
x = , although geo- 
d'i. _ as 


mctricall y the construction is easy by drawing a 
circle 011 one segnlent of the line joining the given 
points, and another on the given line. * These arc 
cOluparati,.ely sinlplc problems; in the more diffi- 
cult cases of the conic sections this enlbarraSSluent 
is often inextricable. t 
To illustrate the application of these inlportant 
problems" let us suppose that by obsen-ation we 


11= The above alg
braical solution is that of Prop. 43 of the 
Arith. Cui\'., where the 59,60 and 61 are also solutions of the 
three first problems of Sect. V. of the Principia, B. 1. 
t Maria Agnesi's Instituzioni Anatiliche abounds in elegant 
algebraical investigations of geometrical proùlems, but affords no 
grounds for modifying the above l'emark. 
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obtain threp points in the orbit of any planet, anù 
would ascertain fron1 those points the position of 
the o-reater axis" and the focus in which the sun is 
o 
placed, the eccentricity of the orbit or distance of 
the focus frolll the centre of the ellipse, and the 
aphelion, or greatest distance to which in its course 
the planet eyer is remoyed froDI the sun; this is 
easily done by means of Prop. X\ìIII. (Book I.), 
for that enables us to find the elliptical and hyper_ O 
bolical trajectories, ,yhich pass through given points, 
when one focus and the transverse axis are giyen; 
and thus to find the other focus, and the centre of 
the curve, and the distance from the given focus to 
the further extren1Ïty of the axis" which is the aphe- 
lion. 
In like lUanneI' the problem which Sir Isaac 
Newton cans by far the most difficult of any, and 
says that he had tried to solve in various ways, * 
that of finding the trajectory of a comet frOll1 three 
obsen ations, supposing it to lllove in a parabolic 
orbit, is reduced by an elaborate and .difficult pro- 
cess of reasoning to describing a parabola through 
two given points, which are found in its own orbit 
fronl the observations. Now Prop. XIX. of Book I. 


* Problema hocce longe difficillimum multimode aggressu.> 
(Lib. III. Prop. -11). 
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gives an easy solution of this problem. * It is only 
to describe from each of the gh-en points a circle, 
with the dist:nce of t.hat point from the given focus 
as a radius" and the straight line touching these 
two circles will be the directrix of the parabola" and 
the perpendicular to it from the focus, its axis; the 
principal vertex being the middle point of that per- 
pendicular. The .coincidence of the very eccentric 
elliptical orbits of the comets with the parabola 
inakes this parabolic hypothesis answer for de- 
termining their places and times in the general 
case. 
The correction of the orbit thus found is reduced 
to finding the orbit of an ellipse which shall pass 
through three given points, and this is done by the 
21st proposition of Book I., or rather 11Y the 16th 
lemma, to which it is a corollary, for inflecting three 
straight lines from three given points, the differences" 
if any, between the lines, being gi\Ten. 
Sir Isaac Newton tried the accuracy of the me- 
thods thus found upon several comets" and parti- 


'" Several other proposiiions are given in the first book for the 
purpose of facilitatin
 the solution of this difficult problem by 
another method; but the author informs us that he subsequently 
fell upon the method wh
ch he has given in the third book, aud 
which he prefers for its greater simplicity. 
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cularly on the celebrated one of 1680, called 
Halley's con1et, from the great labour \vhich that 
mathematician, in aid of his illustrious friend and 
master, bestowed upon the calculation of its orbit. 
The following is a short statement of the general 
result of a comparison between the places conlputed 
from the theory, and the places found by actual 
observation" in the cases tried. 
Fi'rst, as regards the comet of 1680, or Halley's 
conlet. 
In comparing four observations ,vith the geo- 
Inetrical C01TII)utation, Sir Isaac Newton found an 
error of 5' 3" on an average in the latitude" and 
about l' in the longitude. But Halley, having after- 
wards 111ade the computations with greater accuracy 
by arithn1etical operations, found the average error
 
on sixteen observations, in the latitude only about 
52"" and in the longitude l' 28". The average 
error found on a comparison of the theory with 
twenty-one observations nlade abroad, was found by 
Halley only to be 50" in the latitude, and 57" In 
the longitudp. * 
Secondly;, as regards other con1ets. 
In the computations of the COll1Ct 1665, the error 


* This omits the observation maùe 26th December, as there is 
manifestly an error in the figures in that observation. 
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"'as, on an average of eighteen observations, 8" in 
the latitude, and in the longitudp l' 25". In the 
latituJe the errors by excess nearly balance those 
by defect, the one being to the other as 40 to 49. 
In the longitude, supposing the observation of De- 
cenlber 7 accurately stated (which, fronl the error, 
amounting to 7' 33", seems very doubtful), the 
errors by excess are sixteen times more consiùerable 
than those by defect. In the comets of 1682 and 
1683, on coml)aring the obser\"ations of Flamsteacl 
with the theory, the error was l' 31" in latitude, 
and 45" in longitude, for eleven observations of the 
former conlet, and for serenteen of the latter comet, 
l' 10" in latitude, and l' 29" in longitude. But the 
COlnet of 1723 came nearer its C0111puted place; the 
a'gerage error of latitude on fifteen observations of 
-Bradley, compared with tbe same number ùy IIalley 
hin1self, and Pound (his uncle), was only 21"l in 
the latitude, and somewhat under 25" in the longi- 
tude. It is to be ren1arked that is apparently the 
case in which the obsen"ations were the most accu- 
rate, three eminent observers checking each other" 
and no one observation differing from the computa- 
tion Dluch more than by the average of the rest, 
while great differences occur in aU the other cases" 
and give rise to a suspicion of error. For in the 
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C0111et of 1683, there was one day (Aug. 15) in 
which the latitude differed between three and four 
times, and the longitude three tilHes nlor
 than the 
average; anù in the observations of the comet of 1665 
there are several errors in longitude of twice, and 
one error of no less than fh-e times, abo\'e the average. 
These particular obsen-ations, and not the theory, 
then, were probably at fault in thos
 instances; but 
they affect the general average materially. 
The intimate conl1exion between the purely geo- 
metrical parts of thp Principia, the Fifth and Sixth 
Sections of the First Book, and the most sub1in1e 
inquiries into the n]otions of the heavenly bodies" 
those n10tions, too" ,,,hich are the most rapid, and 
performed in spaces the nlost prodigious, lllay suffice 
to show the titudent how well ,vorthy these n1athe- 
matical investigations are of being minutely followed. 
\Vere they wholly unconnected with such inlportant 
speculations in Physical....J\stronoIny., and only to be 
regarded as a branch of the Higher G
oll1etry, they 
would desen'e the d.eepest attention, for their inter- 
esting devclopn1ent of general relations between 
figures so well known as the conic sections, for the 
mar\-ellous felicity of the expedients by which the 
solutions are obtained, and for the inimitable ele- 


YOLo II. 
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gance with which the reasoning is conducteù. As a 
mere matter of n1athematical contemplation, begin- 
ning and ending in the discovery of the relations 
'which subsist between different quantities and 
figures" they afford matter of lasting interest to the 
geomet.rician. But it certainly heightens that inte.. 
rest to reflect that the same skilful and simple con- 
struction which enables us to describe a parabola 
through given l)oints, or touching given lines, beside 
gratifying a curiosity purely geometrical, lead., us to 
calculate ,,-ithin 20" of the truth the place of bodies 
revolving round the sun in orbits so eccentric that 
the ellipse which they describe coincides with a 
parabolic line, instead of being nearly circular like 
the path of our globe" although our own distance from 
that lun1Ínary is near a hundred minions of n1Ïles. 
iii. \Ve are next to consider the motion of bodies 
in conic sections which are given, and ascending 
or descending in straight lines under the influence 
of gravity; that is, the ,"elocities and the times of 
their reaching given points" or their places at gi\-en 
times. Thi::; branch of the subject, therefore, di- 
viùes itself into two parts, the one relating to motion 
in the conic sections" the other to the Illotion of. 
bodies ascending or descending under 'Lhe iniluence 
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of gravitation. The Sixth Section treats of the 
former, the Seventh of the latter. 
(1.) In order to find the place of a revolving body 
in its trajectory at any given tillIe, we have to finel 
a point such that the area cut off by the radius 
yector to that point shall be of a gi,"en amount; for 
that area is proportional to the time. Thus sup- 
}10Se the body 1110yeS in a parabola, and that its 
radius vector cOlnpletes in any tinle a certain space
 
say in half a year mo'.es through a space lliaking 
an area equal to the square of D; in order to ascer- 
tain its 1) osition in any given day of that half year, 
we haye to cut off by a line drawn froll1 the centre 
of forces an area which shall hear to D2 the sallIe 
proportio
 that the given time bears to the halfyear
 
say 3 to r11, 2 , or we have to cut off a section ASP == 
3 i DI. A P being the parabola and S the focus; 
'In 


o 


L 


D 


Ii 


A G S M 
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340 


PRIXCIPIA. 


this will be done if A B be taken eqnal to three 
tinies A S, and B 0 being drawn perpendicular to 
A B, behveen B 0, B....\ asyn1ptot.es, a rectangular 
hyperbola is drawn, II P, whose selni-axis or sen1Ï- 
parameter is to D in the proportion of G to 'In ; 
it will cut the parabolic trajectory ill the 110int 
P, required. For calling .A. 1\1 == x and P 1\1 == y 
and A S == a; then A B == 3 a anù y X (x + 3 a) 
:::: half the square of the hYI)erbola's senli-axi
, 
6 D 36 D
 
which axis being equal to -, Y (x + 3 a) == -;:-- ) _) 
m _ m,- 


18 D' ( X '\ G D2 ( :t
 U ) 
- or !J - + a ) == - and Y z - + -- 
rlt S , 3 'In
 , 6 2 
3 D2 ( 2 1 1 ) 3 UI 

, or y X _ 3 x - ') x + _ 2 a == 
. 
m ... 'hi 


2 
'fherefore n x Y 
v 


1 3 l)' 
(x - a) y == and 
2 'IIl i , 


2 :2 1 1 
"3 > A 1\1 X P 
I == 3 xy; and i (x - a) y == 2 
S 1\1 . P IV! = S 1'1 P; therefore the sector ASP 
3 D2 . 
-= 
: so that the radIus froln the focus S Cllt
 
'In- 
off the given area, and therefore P is the l)oint 
where the COJnet or other boùv win be found in 
oJ 


3 
I" parts of the tilue. 
1/(, 
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If the point is to be foun(l by computation, we 
can ea
ily find the ,-alue of y by a cubic equation, 
18 a 2 D 2 
y3 + 3 a 2 y _ 'ln 2 ,and making B L == y, 
I
 P parallel to A 
1, cuts A P in the point P 
required. Sir Isaac X ewton gives a very elegant 
solution geometrically by bisecting A S in G t and 
taking the perpendicular G R to the given area 
as 3 to 4 A. S, or to S B, and then ùescribing a 
circle with the radius R S; it cuts the parabola in 
P, the point required" * This solution is infinitely 
l)referahle to ours by the hyperbola, except that 
the demonstration is not so ea:,y, and the alge- 
braical den10nstratioll far from simple. 
It is further to be observed, that the place being 
given" either of these solutions 
nables us to find 
the tin1e. Thus in the cubic equation, we have only 
3 D2. y3 + 3 a'J y 
to find ---;;- . It IS equal to 6 
 ; and as DI 
m- a 
is the giyell integèr, or period of e. g. half a year" 
the body conIes to the point P in a tirne which bears 
6 a 2 D2 
to D2 the proportion of unity to --:-- 3 
. 
y" + a. y 
Sir Isaac Newton proceeds to the solution of the 


* The most singular relation subsists between the hyperbolas 
and parabolic areas, giving rise to very curious Porisms connected 
with Quaòratures.-See Phil. Trails. 1798, part ii. 



3-12 


PRI
CIPL\.. 


saIne important problem in the case of the ellipse, 
which is that of the planetary system, and is 
termed Kepl
r's problen1 from having been pro- 
posed by hinl ,yhen he had discovered by obser,-ation 
that the planetary motions ""ere performed in this 
curve" and that the areas described by the radii 
,,,ere proportional to the tinles. In the parabola 
,vhich is quadrable and easily so, the area being 
two-thirds of the rectangle under the co-ordinates, 
the solution of this problem is extremely easy. But 
the ellipse not admitting of an expression for its 
area, or the area of its sectors" in finite ternlS of 
any product of straight lines, the problem becomes 
incapable of a definite solution. Newton accord- 
ingly begins his inyestigation by a lemma" in which 
he endeavours to demonstrate that no figure of an 
oval form, no cUr\"e returning into itself and with- 
out touching any infinite arch, is capable of definite 
quadrature. It is rarely, indeed, that the expression 
" endeavour," can be applied to Sir Isaac N ewtou. 
But some ha\.e questioned the conclusi,.eness of his 
reasonino- in this instance. The demonstration 
1:) 
consists in supposing a straight line to revolve 
round a point ,,"ithin the oya1, while another point 

loves alon 0" it with a velocitv as the S q uare of the 
o 
 
l)ortion of the revolying line between the given cen- 
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tre and the oval" that is, as the raùius yector of the 
oval from the given centre. It is cprtainly shown, 
that the moving point describes a spiral of infinite 
re\.olutions; and, also, that its radius is always as 
the area of the oval at the point where that radius 
meets the oval. If then thp relation beh,.een the 
area and any two ordinates froln the oyal to any 
a
is is such as can be expressed by a finite equa- 
tion, so can the relation between the radius of the 

piral anù co-ordinates drawn parallel to the former, 
or the co-ordinates to the saine axis. Therefore it 
will follow, that the spiral can be cut only in a finite 
nU111ber of points by a straight line" contrary to tþe 
nature of that curn
\. I nùeed" its co-ordinates being 
related to each other by an algebraical equation is 
equally contrary to its nature; consequently the 
possibility of expressing the relation between the 
area of the oval and the co-ordinates leads to this 
absurd conclusion, and therefore that IJossibility 
cannot exist; and hence it is inferred that the oval 
is not quadrable. 
Sir Isaac 
 ewton hilTIself observes that this de- 
monstration does not apply to ovals which fornl 
l>arts of curves, being touched by branches of infi- 
nite extent. But it ùoes not c,-en apply to all cases 
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of ovals returning into thelTIselves, and unconnected 
with any infinite branches. There is" for example, 
a large cJass..of curres of many orders, those whose 
equation is '!1 m == nmx(n-l)m X (an - x7& ); and when 
m is even these cun.es are quadrable; and in 
every case 'where m and n are ,,'bole positi,-e even 
numbers, it is the equation to a curve returning 
into itself. This is n1anifest upon inspection: for 


1 
f Y d x = J n Xn-l (an - Xn)ñi d X is integrable be- 
cause the power of x without is one less than tbat of 
x within the radical sign; and because there is no 
divisor there can be no asymptote; while it is plain 
1 
that the - root of an - x n is inlpossible when either 
'In 
+ x or-x is greater than a, nand 711 being both whole 
numbers and 1n eren. "Therefore the curve returns 
into itself; and asy == 0, both when x == 0, and when 
x == + a, or - a, therefore the figure consists of two 
ovals meeting or touching in the originofthe abscissæ. 
These two ovals admit of a perfect quadrature; 


111 
the integral being C - 7r1 + I (an - .t,n) 


m + 1 


1n. 


3 
rrhus if 'In == n == :2 the area is C _ j- (a'i _ x 2 ) 2, 
t he latter quantity being an area that has to one- 
third the rectangle of the co-ordinates the same 
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11roportion which th0 difference of the squares of 
the diameter antI abscissa has to the sqnare of 


3 a l _ Xl 
the abscissa; for j- (at _ Xii) "2 = 
 x y X 


x K 


The particular inquiry respecting motion in the 
ellip
e did not perhaps require the proposition to 
be pro,-eù in the very general for111 in which Sir 
Isaac :\ ewton has gi,-en it. That the ellipse can- 
not be squared might perhaps be sufficiently proved 
frol11 this consideration, founded upon a reasoning 
analogous to that on which the lemma in question 
proceeds. If a curve be described such that its co- 
ordinates, or the rectangle contained by the co-or- 
dinates, shall always bear a gi\'en proportion to the 
areas of the ellipse on the same axis, this curve 
cannot be algebraical" not lnerely because of its 
equation in\'oh"ing quantities not integrable (for 
that ll1ay be said to be the question)" but because it 
will stop short at a gi,-en line" which no algebraical 
curre can do. It will hayc no branch extending 
beyond the perpendicular at the end of the axis: 
and n10reover its equation is known to be that of 
a transcendental curve. This reason cannot be ap- 
plied to all curves returning into then1seh-es; be- 
cause, as we have seen in one class, the equation to 


Q3 
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the curve" whose co-ordinates should express theIr 
areas" is algebraical; and also becausE', in that 
class, the secondary cur,.e is found to have two 
branches ,,'hicl
. meet in CUSIJS, and so do not 
stop short. If described by the proportion of areas 
they,voulò. seem to stop short, that property only 
belonging to one of their branches; but their equa- 
tion discloses the second branch. It is one of many 
instances of a truth perhaps not sufficiently re- 
D1arked by geon1etricians" that curves sometimes 
have particular portions to which certain proper- 
ties belong exclusively" no other part of the curye 
having them. 
As the area of the ellipse cannot be found by 
algebraical quantities" or by the description of al- 
gebraical curves, the problem of Kepler cannot be 
solved otherwise than by transcendental curves, 
logarithms, circular arcs, or approximation. Sir 
Isaac Newton gives a solution by means of the 
cycloid described on an axis at right angles to the 
transverse axis of the ellipse" at a distance from its 
vertex which is a fourth proportional to half the 
transverse axis, the focal distance" and the eccen- 
tricity, and with a generating circle whose radius 
is the distance of this perpendicular from the centre.. 
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A parallel to th
 cycloid's axis, at the point whose 
abscissa is to the periphery of the generating circle 
in the proportion of the given time to the periodic 
time, cuts the elJipse at the place required. This 
:solution requires a construction besiùe that of the 
curve described; but a cycloid may be described 
which shall cut the ellipse ùirectly at the point re- 
quired. If a circle is Jescribed on .c\ B the transyerse 
axis, and its quadrant A l
 is cut in 0, in the given 
ratio of the tin1es in which the elliptical area is to 
be cut; and then a cycloid is described, whose or- 
dinate P 1\1 is always a fourth proportional to the 
arch 0 Q, the rectangle of the two axes and the dis- 
tance between the foci, or to A B X 2. C F, and 2. C S, 
-the cycloid cuts the ellipse in the point required" 
P. The equation to this curve G P is siluple enough" 
G 


A S M 


c 


B 


and the construction easy, for the ordinate is in a 
given proportion to the arc Q 0 of the quadrant. As, 
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however" an arithn1ctical approxin1ation by means 
of series is required in practice, Sir Isaac X ewton 
gi\Tes two methoùs, both of great elegance and effi.. 


clency. 


. 


It may be proper here to note the nan1CS given 
'by astronon1ers to the lines and angles in the 
ellipse connected mainly with the iu\-estigation of 
this problen1. The sun being in the focus S, 
and P the planet's place, the aphelion of the planet 
is B; the perihelion A; the arch B P, or angle 
B S P is the true anonlaly; B 0 being to the 
whole cirCUInference as the time in B P to the whole 
pcrìodic time" B 0, or 0 S n, is the llican ano- 
ma]y, and Q B, or Q C B, is the eccentric anomaly, 
o 


A 


s 


c 


M 


ß 


C being the centre of the ellipse: A and Bare 
likewise called the apsides (or apses)" and A B, the 
transverse axis" is called the line of the a11sides; 
S C 11 S C. h . . 
, or more genera y A C IS t e eccentncity. 
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(2.) The next subject of inquiry is the comparison 
of bodies mo\-ing in a straight line towards the centre 
of forces, wit h those mO\'Íng by the same centripetal 
force in the conic sections whose axis is that straight 
line. If the projectile force by which a body re- 
voh.es in any of those cun-es round the focus as a 
centre, suddf'nly ceases, and the body falls towards 
t he centre of the cur
'e, it is shown that its place at 
any gi\-en time will be the point where the line of 
de
cent is cut by a l)erpendicular from the point of 
the cun"e where the radius fro111 the yertex makes 
its area proportioned to the time consumed in the 
fall. For take the parabola whose area is -! x y" 
and let the distance of the point where the body 
begins to descend in a straight line be C; the pa- 
rabolic sectors, which are as the times, are ex- 
pressed byy X ( x +6 3 C ) ( = jxy + (c - 
) n 


or J a x X ex + 3 c); and if another parabola 
6 
with the same ycrtex, and with a ';lnaller para- 
DIeter, b, is drawn nearer the straight line, its sec.. 
tors are J bx (x + 3 c). Now the tilues in the 
6 
first para bola, or the areas, at any two points referred 
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to the abscissæ x and z" being J 
 (x + 3 c), 
6 


and J a z (z +.3 C), the times or areas in the se- 
6 


cond parabola \vill be J b x ex + 3 C), and J
 
6 6 
(z + 3 c)" resl)ectively; and therefore it is e\-ident 
that the areas at the distances x and z" in the one 
curve" are in the same proportion to one another 
,vith the areas in the other curve at those distances. 
If the parameter be continually dinlinished of thp 
second cun-e, until that curve coincides with the 
. axis" the same proportion holds; and the times
 
therefore" in falling through the axis" will be as the 
areas of the first curve, corresponding to the points 
of that axis: And so it may be shown in the ellipse 
and hyperbola. 
Hence it follows" that in the case of the parabola, 
the velocity of the falling body in any giren point is 
equal to that with \vhich the body would, moving uni- 
formly" describe a circle described fronl the centre" to 
,vhich the body is falling" and with a diameter equal 
to the distance of the given point from that centre. 
In the circle, the velocity at the given point is to the 
,,-elocity in the circle described from the centre" with 
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the distance of the given point for the radius" as the 
square root of the distance fallen through to that 
of the whole distance of the point where the fall 
begins. Thus let d be the distance of the given 
point to which the body has fallen, D the distance 
of the point at which it began to fall; the velocity in 
the case of a parabola is equal to that of the body 
mo,-ing in a circle, whose radius is ! d; in the case 
of a circle" it is to that o f a body moving in a circle 
whose radius is d" as J D - d : J D; and the 
like proportion subsists in the case of the hyperbola. 
Further, a rule is thus deduced for determining, 
conversely" the time of descent, the place being 
given. A circle is to be described on A S = D" as 
the diameter, and another from S the centre" towards 
which the body falls,with the radius D . P being the 
2 
point to which it has fallen" if the area S X B be 
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taken equal to seA" the time taken to fall through 
A P is equal to the tinle in which the boùy would 
moye uniformly fron1 B to X. Hence the l)eriodic 
tilues being in. the sesquiplicate ratio of the ùis- 


:J 9_ 
tances (t == d"2) and because 2}[ = 2 ,J 2" the 
time taken to fall through the whole distance to 
t he centre is to the periodic time of a body re- 
volving at twice that distance round the same 
centre as ] to 4 J 
; and thus we can calculate 
the time (supposing the planetary orbits to be cir- 
cular) which anyone would take to fall in a straight 
line to the sun, or any satellite to its l)rincipal 
planet, if the projectile motion were suddenly to 
cease. The moon in this way would fall to the 
earth in about four hours less than fh"e days. * 
The inquiry is closed with a solution of the general 
l)roblem, of which the preceding solutions for the 
conic sections" and for the force inversely as the 
squares of the distance
, are only particular cases; 
and the tinles and \
elocities are found from the places" 


'" It is comparing the greatest with the smallest things, to 
observe that the time of the revolution of a planet round the 
sun, or the planetary year, bears the 
ame proportion to th
 time in 
which the planet would fall to the sun, which the square of the 
side of a bees' cell does to one of the six triangles, or to the sixth 
part of the rhomboidal plate. (See Aprendix to vol. i.) 
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or the Flaces from the times and velocities" where a 
body ascends from or descends to the centre influ- 
enced by a centripetal force of whatever kind" On 
the gi,'en straight line of ascent or descent a curve 
is to be described whose co-ordinates are the centri- 
petal force at each point of the axis" or whose 
equation is y = X, X being a function of x, the dis- 
tance from the beginning of the motion. The area 
of the cun-e at each point is f y d x= fX dx; and 
if that fluent is equal to Zi, Z is the velocity at the 
distance a - x" fronl the centre. Another cun-e 
described on the same axis, and whose equation is 
1 . b . J dX Y h . 
'll = Z ' gIves y Its areas Z == '), t e bme 
taken to 1110\-e through the distance a -.7:; it is 
equal to
. This is easily demonstrated; for, first" 
if the velocity be v" and the time d t:J the space being 
dv 1 dx 
d x, we have the force y = -, anc d t = _ 
dt v' 
h vdv f 
t 
refore y == _" and y dx == v d f, and yd x 
dx 
T' V 
= -:}; but Z! f y d X; therefore Z == -=-,andthe 

 J2 
velocity is 3S the area Z. Again; for the time in 
1 - 
the other cun-e; 'il == Z" and v == ,J2.Z; also 


d t==. d x 
v 


dx 
,JL. Z' 


- J dx 
Therefore t - ,J
 
 ::::: 
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../2.
, or the time is as the area
. In these ex- 
pressions" therefore, to find Z and 
 we have to 
substitute the values of X and Z in ternlS of x, and 
integrate. 
It is hardly necessary to add, that if, instead of 
the velocity and the time being sought (Z and 
), 
these are given, and the place reached by the body 
be sought, \ye find it by the same construction; and 
ascertaining what yalue of x gives the value of Z, 
the square root of the area. But it 111ay be well 
to note here, that if 0 1\1 be the cun"e, whose 
A 


p 


s 
ordinate P 1\1 or y = X, the centripetal force at P 
in terms of A P or x, or the gravitation of any 
particle of a homogeneou'5 fluid towards S at the 
point P; then the column of that fluid \vhose 
altitude is A P will press at P, as the area A P l\1 0, 
or as v 2 , the square of the velocity acquired by a 
"body falling through A P. 
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1 \.. The next object of research is to generalise 
the preceding- invest.igations of trajectories from given 
forces, and of motion in given t.rajectories, applying 
the inquiry to all kinds of centripetal force, and all 
trajectories, instead of confining it to the conic 
sections, and to a force inversely as the square of 
the distance. This forms the subject of the Eighth 
Sect.ion, which therefore bears to the Thirù, Fourth, 
Fifth, and Sixth, the saBle relation that the conclud- 
ing investigation of the Seventh Section (on rectili- 
near motion influenced by centripetal force) bears 
to the rest of that section. 
The length at which we before 'Went into the 
solution of the problen1 of central forces (inverting 
somewhat the order pursued in the Principia) makes 
it less necessary to enter fully into the general solu- 
tion in this place. 'Ve formerly gave the manner 
of finding the force from the trajectory in general 
terms, and showed how" by means of \'arious differ- 
ential expressions, this process was facilitated. It 
must, however, be re111arkec1, that. the inverse pro- 
blem of finding the trajectory from the force is not 
so satisfactorily solved by means of those expres- 
sions. }1-'or exam ple" the 1110s t general one at which 
we arrived of Jy'i. + (:x: - a? X d ;("1 . d X being put 
2 (ydx-(3:-a) dy)3 
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::= C, "or the force inversel y as the S q uare 
yY.+ (x- (1/ 
of the distance" presents an equation in which it 
111ay be pronounced il11pos
ible to separate the 
\9ariables so as to integrate, at least while d X, the 
fluxion of d Y , ren1ains in so unnlanageable a form; 
dx 
.r I 1 1 1 '. d" y d x_d'l X d 1f 
.tor t len t le W 10 e equatIon IS . 
2 (yd x- (x- a)dy)3 
C 
::= ( 
 + ( ) ' ) 3" and thus from hence no equa- 
y x-a "2 
tion to the curve could be found. It cannot 
be doubted that Sir Isaac Newton, the disco- 
verer of the calculus" had applied all its resources 
to these solutions" and as the expressions for 
l' d P 
the central force, whether or ----, or 
2 p 3.R' p 3 dr 


d'! X J Xi + '1 I 
- Y (in S0l11e respects the sinlplest of all" 
x 
being taken in respect of d t constant." and which is 
integrable in the case of the inverse squares of the 
distances, and gives the general equation to the conic 
sections with singular elegance), are all deri\-able 
from the Si>..th Proposition of the First Book, it is 
elninentJy probable that he had first tried for a gene- 
ral solution by those means, and only had recourse 
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to th
 one which he has gi\-en in the Forty-first Pro- 
position when he found those lllethods unmanageable. 
This would naturally confirnl him in his plan of 
preferring geonletrical n1ethods; though it is to be 
observed that this investigation, as well as the in- 
,-erse IJroblen1 for the case of rectilinear n10tion iu 
the preceding section, is conducted more analy- 
tically than the greater part of the Principia, the 
reasoning of the demonstration conducting to the 
solution and not fo11owing it Bynthetically. 
_Æ is the height from which a body must fall to 
acquire the yelocity at any point D, which the given 
body moving in the trajectory V I K (sought by the 
in\'cstigation) has at the corresponding point I; D I, 
E K, being circular arcs from the centre C, and 
C I=C D and C K=:C E. It is shown pre'áously 
that, if two bodie::; whose masses arc as their weights 
ùescenù with equal velocity from .A.., and being acted 
on by the same centripetal force, one moves in 
V I K and the other in A \7" C" they will at any cor- 
responding points have the san1e velocity, that is 
at equal distances fronl the centre C. So that" if at 
any point D, D b or D F be as the velocity at D 
of the body 1110\-ing in .A_ '7" C" Db or D F will also 
represent the velocity at I of the body n10ving in 
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p 


E Z 



 


c 
V I I{. Then take D F== Y as the centripetal force 
in D or I (that is, as any power of the distance 
DC, or a-.x, V C being a" and V D, x) VD FL will 
be f y d x. Describe the circle V X Y wit h C V as 
radius. Let V X:= z, and Y X will be d z, and N K 
= æ d z . Then I C I( being as the time" and d t 
a 
b . h . I ICxKN. 
elng constant" t at tnang e" or " IS con- 
2 


stant, and K N is as a constant qua ntity div ided by 
I C" or as Q . If \ve take Q to J A V L B (pro- 
x x 
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portioned to the force at anyone point V anù 
therefore given), as I
 
 to I K, therefore this 
will in all points be the proportion; and the squares 
,vill be proportional" or J y d x : QI1 : : I K2, or 
x'j 
K !\i + I N2" to I( 1\2; and therefore J y d x - 
Q2 Q2 3.: 1 d ,.,.1 :c d ,.,. 
_ : _ : : I K2" or d x 2 : .... . Therefore----": 
Xi x<J. a 2 a 


Q d x :l:'dz 
and n1u1ti p lving b y x" - 
- / Q
 ' .J '-oJ a 
XIV Jydx- X'I. 
(twice the sector I C K) = V. Q d x Q" . Again 
fydx- :t.'- 
x' d Z x 2 d z 
adz : - :: a 2 : X2; and adz = - X 
a a 
a l a 2 Q d x 
- - - X == twice the sector 
Xi - x
 Q2 
IJydx---; 
V.. x 
y ex. Hence results this construction. Describe 
the curve a b Z, such that CD b == tt) its equation 
Q 
shall be u = 
 Q<J. , and the cun-e 
2 Jy dx-- 
x 2 
a c x such that CD C = <p) its equation n1ay be 
Q a 2 
cp = . Then the fluxions of the 
2x'
 fydx- 
: 
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areas of these curves, oru d x and cp d :t', being respec- 
Q d x Q at d 
'C 
tively / Q
 and ,/ Q!i' 
2 '\I f?J d x - x'l 2 :t.'lV f Y d x - x
 
Xi d z d ad z 
and these being equal to an -" ur the 
2a 2 
sectors which are the fluxions of the areas V I C 
and \7 X C, the areas themseh-es are equal to tho
e 
areas; and therefore from ,- X C being gi,.en (if 
the area cD V a be found), and the raùius C V 
being gi,oen in position and Inagnitude, the angle 
V C X is gin:)n; and frolll C X being givf1l1 in 
position, and C ,... in magnitude and position, and 
the area C I \7, if V Dba be found, the point I is 
found" and the curve V I K is kno'\\ï1. This" how- 
evcr" depends upon the quantities made equal to u, 
and cp severally being expressed in ternlS of x, for 
this is necessary in orùer to elin1inate y frOlTI the 
equations to these curyes; and then it is necessary 
to integrate these expressions; for else the angle 
\T C X" and the cun-e V I K, are only obtained in 
fluxional equations. Hence Sir Isaac K ewton makes 
the quadrature of curves" that is" first the integra- 
tion of f y d ",
'" to elin1Ïnate y, and then the inte- 
gration of the equations resulting in terlllS of u and 
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3:" !þ and x respecti,'"ely, the assumptions or con- 
ditions of his enunciation. The inconvenience of 
this nlethod of solving the problenl gave rise to the 
investigations of Hernlann anù Bernouilli. 'fhe 
equation of the forn1er" involving, however, the 
second fluxion of the co-ordinate" is to the rectan- 
gular co-ordinates-; that of the latter is a l)olar 
equation" in ternlS of the radius vector and angle at 
the centre of forces. 
To illustrate the difficulty with which this 111etbod 
of quadratures is applied" in practice-take the 
case of the centripetal force being inversely as 
I 
the cube of the distance; then y == - anLl the 
.1,.3 
curve B L P is quadrable. If we seek the circle 
\
 X Y by rectangular co-ordinates X 0, 0 C, 'we 
find the equation to obtain 0 C = D in tprnlS of x, 
is of the fornl 


2 (a - DY rl D 
J 2 ([ D - D2 


2 a 2 d x 
I (

 
:2 x 2 '\f' f y d x - - 
.1:
 


a
 rl x 


x J:2 C .:t,2 _ b _ :! Q2 
(b being the constant introduced b,- intE'O"ratinO" 
.I 0 0 
f Y d x). 
 ow there is no possibilit y of illtE'O'ratin cr 
o c 
these two quantities otherwise than by sines, anù 


YOLo II. 


R 
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we thus obtain, nor can we do 1110re, the followiuO' 
o 
equation to D in tenllS of ..t' ; 
x 3 a I 
 D D2 3 a'J. ') . V D 
- - - JV:" - + - X ...arCSln. - 
:2 2 4 2a 
(
 
) Q2+ b ) 
- -- X arc coso ... X x . 
,J2 Q
 + b 2 c 
And SU11pose we could get D frOlU this" in ternlS of 
coso x, we have then to obtain PC by sin1Ílar tri- 
angles, and then by another integration to obtain 
P I" in order to have the curve V I K. 
But if \ye proceed otherwise, and instead of 
working by quadratures, take v the ,"elocity of the 
body at I, or in the straight. line at D" and 
Inake c the area described in a second, and G 
the angle V C I, we obtain as a polar equa- 
rdx 
tion to V I K" d e = ex being in 
x J4 x 2 v 2 _ c 2 
this case both C D and the radius vector). Then, to 
apply this general equation to the case of the centri- 
l)etal force being as 
, Jet the force at the distance 
x 3 


a'J. 


1 be put equal to unity, and supposing the velocity of 
projection to be that acquired in falling fronl an in- 
finite height" the equation to the trajectory beconlcs 
cdx c 
d e = " and integrating, ø == -...====- 
x J4 - c 2 J4 - c 2 
x 
X log.-. 
a 
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The whole subject of centripetal forces, inverse 
and direct" under the four heads which we began 
by stating, is therefore discussed, but always upon 
the assumption that the bodies acted ul)on move in 
orbits which remain at rest, and thus that the axi
 
of the ClUTe which they describe ren1ains constantly 
in the san1e l)ositiol1. Anofher subject of inquiry is 
presented to us if that axis itself n10YeS, reyolving 
round the cfntre of forces, and we are reqllired to 
ascertain the line in which the body 1110,.es in this 
n10ving orbit, as related to the line described by a 
body in a fixed orbit, or conversely to ascertain the 
motion in the two orbits. This subject divides 
itself into two branches, according as the planes in 
which the motions are perforll1ed pass through the 
centre of forces or not. J.\!Iotions in the planes of 
the centre form the subject of the Ninth Section; 
the Tenth treats of n10tions in eccentric l)lal1es. 
Under the forn1er di\'ision, a principal object of 
investigation is that which indeed 111eaSUres the 
orbit's motion, and is identical witl! it, the 1110tioll 
of the apsides; that is" the position successively 
taken by the two points of the re,.olving orbit, 
where the tangents are perpendicular to the axis, 
and where" consequently, the moving body hpgins 
R2 
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to come back towards the centre from its greatest 
distance in that direction of the axis; while, under 
the latter division of the subject, a main point of 
discussion is the vibration of pendulu111s. 
i. If a body, revolving round a centre of forces, 
is acted upon laterally by any other force beiide the 
centripetal and the centrifugal (or tangential), 
though the centre n1ay ren1ain fixed, the orbit will 
not renlain so. The axis of the CUl'\
e described win 
nlove forward or backward, according to the direc- 
tion of the disturbing force. ,!'his motion of the 
axis is considered as a revolving nlotion of the 
orbit, and is the subject of our present considera- 
tion. The great practical inlportance of the inquiry 
'will presently bp shown. Suppose a body moves 
in an ellipse, the centripetal force being in'
ersely as 
the square of the distance; the centrifugal force is 
in the direct proportion of the square of the velocity 
and the in,oerse proportion of the distance, jointly; 
that is, (a being the distance, and v the velocíty in a 
cirele,) as v" ; and v being as 
, the centrifugal 
a a 
force is as 
, or inversely as the cubes of the dis 
a 3 
fances. A C B is the fixed ellipse; a C b, the one 
described by the body under the influence of a dis- 
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turbing force, or in any other way made to move in 
an orbit whose axis, b 
, or line joining the ap- 
si<.les A, B and a, b, is revoh-ing rounù S. Sup- 
E 


A. 
110se the angular 111otion of the second ellipse to be 
in a gi,-en proportion to the motion of the body in 
the first, or that s p being equal to S P, the angle 
B S P is !!!... of the angle b S p. The difference 
n 
of the centrifugal forces of the two bodies must 
be equal to the difference of their centripetal 
forces. Caning T and t the centrifugal forces 
in the fixeù and nlo,.eable orbits respectively; C 
and c the centripetal forces; T - t = - C - c, and 
c = C + t - 'f. But T : t in the proportion 
of the squares of the velocities, or of the angular 
1110tions, that is as 'l7t 2 : 'Jl2 and T - t : t : : 111,2 - 
n 2 : n 2 , and becanse the centrifugal forces are at 
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different distances, in,-ersely as the cubes of those 
distances, therefore the difference of those forces in 
the two orbits, being in a given ratio to either of 
theIn, must be inversely as the cube of their corn- 
mon distance from the centre, or of the altitude of 
the revolving body in its orbit. Hence it follows 
that d being the common altitude or distance, and 
P the parameter, the force required to move the 
body in the mo,-eable elli p se is as m
 X P (n 2 _ mi) . 
L . d
 2 d 3 , 
and, conver::scly, if such is the force" the motion will 
be in a moveable ellipse: and again, if a be the 
transverse axis of the ellipse, the forces in the fixed 
and in the moveable orbit will be to each other as 
'Nti cl and 'ln i d + p (11"1. - 1U"J.) . Hence" in order 
as a 3 'i cr 
that a body may move in a mo,-eable ellipse, or an 
arc which advances or mo,-es round in the direction 
of the body's motion, the centripetal force must vary 
in a higher proportion than the inverse square of the 
distance, but less than the cubes; and that the body 
nlay mo,-e in a retiring ellipse" or an arc which 
nloves round in a direction contrary to that of the 
body, the centripetal force must ,-ary in a less pro- 
portion than the inverse square of the distance. 
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FroD1 these propositions, Sir Isaac K ewton is en- 
abled to ascertain the proportion of the centripetal 
force to the distance" when the motion of the ellip- 
tical axis, that is of the apsides, or exfren1e points 
of it" shall be given, and conversely to ascertain the 
motion of the apsides when the proportion of the 
centripetal force to the distance is gÎ,-ell. Let 'Þ : G 
lJe the proportion of the angular motion by which the 
body in the moveable orbit C0l11eS round to the saIne 
lines of apsides, to the angular motion of one revo- 
lution, or 360 0 ; then the cent.ripetal force will be 
as the power of the distance d, which i
 represented 
cp'll 
by Gï - 3. rrhus, if 'Þ = G, or the .axis of the 


1110yeable orbit 1110ves on1y through the salliC space 
with tbe axis of the fix
d orbit" that is if the nlo\"e- 
able orbit coincides with the fixed, then the centri- 
petal force is as d 1-3 = d -2 = 
, and conyersely, 
d''' 
if the central force is as 
, the line of the a})sides 
d 2 
has no motion ,,-haterer. II ence the iU1portant 
proposition, that the inyerse square of the distance" 
the actual law of gravitation, is the. only proportion 
which prevents the line of the apsides fron1 moying 
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at all. Again, if (þ : G : : 363 : 360, or the line of the 
apsidcs aùvances thrpp degrees in each re,'olution, 
then the centripetal force is between the in,-erse 
square and inrerse cube of the distance, but nluch 
G 2 
Dearer the forn1er" for _ - 3 beCOlnes nearly equal 
(þ2 
to 2 2 {ã, or about. 2-1r. But suppose the excess of 
the angle between the axes in one orbit o\-e.. that 
angle in the other orbit to be only 11" 53''', * 
B2 
then - - 3 becomes equal to - :259
J6' or - :!6-0
O'J' 
cp2 
and the force as 
-. In like manner, if sorne 
d 2 1 
+ (iOOOÕ 
extraneous force is inlpre
sed ulJon the re\'oh-ing 
body, fronl knowing the amount of that force we 
can find the nlotion of the apsides, and conversely. 
It is found by following the nlethod of Sir l:.mac 
K ewton, that the advanc
 in a single re\.olutioll 
on the supposition of the disturbing force being to 
t he centripetal force as 1 to 357 '45, is equal to 
1 0 31' 28". 


,)1 The amount of ] 2" is often given for the advance of the 
axis of the earth's orbit; but we have followed Laplace's number 
of 3G" 7"', which 011 tlle sexagesimal scale is 11" 89, or 11" 53"'. 
This small rlifference makes a difference of 1000 lears in dIe 
total revolution. 


Ja 
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K ow it is found t hat in the planetary 1110tions 
these variations of the centripetal force actually take 
place. The action of the sun, for example, upon 
the 11100n-, while she is acted uIJon by the earth in 
sonle parts of her orbit, coincides with that of 
the earth, and in sonle parts opposes this action" 
alternately adding to and taking away fl'om the 
force of her gravitation towards the earth; and this 
increase and din1Ínution" is greater at the greater 
distances of the moon fron1 the earth. IIence 
the proportion of the centripetal force which keeps 
her in her orbit is somewhat different fro111 the 
exact ratio of the in,-erse square of the distance. 
There is more taken away fron1 this centripetal force 
by the sun's action while the bodies are })laced 
towards each other in one direction, than thel'e is 
added when in the other position, and therefore there 
is a total diminution of the moon's gravitation, or 
the centripetal force decreases in a sOlnewhat higher 
ratio than as the square of the distance increa3es; 


1 
that is the denol1linator of the expression d'i. is 


greater than this exact power of d, which we haye seen 
keeps the orbit and its axis fixed with respect to the 
centre" which in this case is the centre of the earth. 
R3 
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Hence this axis of the 11100n's orbit revolves in the 
direction of the moon's motion, and in a certain period 
makes a complete revolution; so that at one time, half 
this period, the moon's greatest and least distances 
fr0111 the earth (her apogee and perigee) have changed 
places" and at the end of the l)eriod they reSUl1le 
their former position. The aU10unt of this luotion 
of her apsiùes is about 3 0 in each revolution, or 39 
in a year; so that the axis of her ellipse revol res 
in nine years; and the centripetal force is not as 


1 1 
a '2 but d"! ' near1y the proportion above shown to 
61 


belong to a progression of the apsides" equal to 3 0 
in a re,.olution. In like manner the orbit of the 
earth is not i1l1111oveabJe" owing to the disturbing 
forces of the larger planets, Jupiter" Saturn, l\Iars" 
and Venus. But the disturbance here is" of course, 
incolllparably 1110re J11inute. The apsides of the 
earth's orbit only move 11" 53'" in the year, instead 
of 39 0 ; and the express
on for the centripetal force 
is therefore, as we have spen above, the inverse not 


of d 2 2 but of d2
. The axis of the earth's 
60 60,000 
orbit thus resoh"es in a period of about 109,060 
years. 



PRIKCIPIA. 


371 


I t is" however, to be oùserycd that, although this 
luotion of the axis of the earth's orbit is the result 
of the theory of gravitation, and indeed affords a 
new proof of it" Sir Isaac Newton did not hilnself 
consider it as worthy of attention. He regarded it 
as indicat.ing so very nlinute a de,-iation from the 
law of the inverse square of the distance, as not to 
alter sensibly the fornl and position of the orbits re- 
sulting fronl thence. He therefore did not give any 
calculation respecting it. '1'0 say that he was ignorant 
of it, or that he affirnled the absolute quiescence of 
the planetary apsiùes, as some have done, * is wholly 
erroneous. The stateulents and nlethods in the 
Forty-fifth proposition and its corollaries are quite 
general, applying to all bodies acted on by disturb- 
ing forces; so is the Sixty-seventh, with the Sixth, 
Seyenth, and Eighth corollaries, of general appli- 
cation; and e,-en in the proposition (the Fourteenth 
of the Third book) in which he affirms that the aphelia 
and nodes of the orbits are at rest, he refers to in- 
equalities arising fronl disturbing forcès, while in the 
scholinm that iUlmediately fo1]ows he expressly states 
the motion of the aphelion of l\Iars, and collects from 
thence that of the Earth, Venus, and J\Iercury, by 
the law which regulates the 1110tion of the apsides" 


* Haill}', lIist. A5t. tom. ii. 
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namely, the sesquiplicate proportion to the distances. 
By this he ll1akes the lllotion of the Earth's aphelion 
17' 40" in a century, or 10" 36'" yearly, being not a 
. 
second and a half difft'rent fronl what it is no,v 
understood to be. 
The calculation of the nlotion of the Inoon's 
apsides, howe,-er" which he deduced fro1l1 these 
propositions, differed widely frOI11 the truth. He 
nlade it, as ,ye ha,-e seen, aUlount to little more 
than a degree and a half each revolution, * or about 
one-half of the truth; and for the discrepancy be- 
t,,-een the theory and the phenonlena he seenlS to 
have failed in accounting. Others, in the earlier 
l)art of the eighteenth century, having applied to the 
subject a different investigation, but founded upon 
his principles, obtained a different result, but erring 
by excess, for they made the motion 3 0 2ï' each 
re,-olution, or nearly 45 0 in the year instead of 30 0 . 
About the year 17 45 th
 three great mathell1ati- 
cians of that age, Clairaut, Euler, and Ð'Alenlbert" 
investigated the subject; anù" applying th
 whole 
resources of analysis to its discussion as a case of the 
})1'oblen1 of these bodies, obtained general solutions 
of great beauty. However they still found th
 
theory difter with the fact nearly as llluch as ::\ew- 


'* 1 0 31' 25"; 
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ton hil11self had done; and Clairaut ,vas c\-rn 
dri,.ell by this to deyise a new law for the purpose 
of eXplaining the apparent ..discrepancy. He sup- 
I 
posed the centripetal force to be not as elf. but as 


1 I 
d 2 + d'" In a very short time, however, he can- 
didly gave up this theory, and announced the ilU- 
portant fact that he had found the whole error to 
arise fron1 his ha,-ing in his approxin1ation neg- 
lected SOine quantities as extren1ely minute, and 
supposing they could not affect the result, whereas 
one of the quantities 
upon which the result mainly 
depends, ha,-ing a snlall nnn1erator" is nearly dou- 
bled by the introduction of the quantities on1itted. 
Upon again going through the investigation with- 
out the omissions" this great geon1etrician had the 
satisfaction of finding that the result made the mo- 
tion of the n100n's apsides agree with the fact; and 
"both Euler and Ð' Alen1bert now found t hat in their 
solntions they had fallen into the same error. 
Laplace has since in his great work * given a con1- 
plete in,.estigation of the problem, and the results 
to which he is conducted by the theory are also 


* l\Hc. Cél. liv. vii. s. 16. 
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most satisfactory. lIe finds the amount to differ only 
one four hundred and forty-fourth part from that 
gi,"en by obsen'ation, which reduced to our sexage- 
simal degrees, is only a difference of 24" l
'" from 
the observed amount. His solut:on in the case of 
the noùes does not coine so near the observation; 
it is only correct within the 350th part; and yet the 
success of the theory in the case of the nodes \Vas 
always reckoned its great victory in the hands of 
its author, while the case of the apogee cast SOUle 
doubt upon it. Laplace made a discovery in the 
course of this inquiry of a sin1Ïlar Y
riation in the 
apogeal movenlent, and that it becomes slower at 
the rate of 15" in 100 years" ,vhirh the recent ob- 
servations confirm. 
It was certainly impossible for the 1\ ewtonian 
theory to obtain a more brilliant triulnph.* But 
it deserves to be mentioned, that the statelnent 
made by Bailly is e,Ten more incorrect upon this 


$ For Clairaut's papers, see :Thlém. de l' Acad. des Sciences, 
1745 and 1748. But there is an admirable paper of the same 
illustrious matlu
matician on the motions of the orbits in the 
:r.lém. for 1754. The first cited volume contains both Clairaut 
and D' Alembm
t's famous investigation of the problem of the 
three bo<1ies to which reference is made in the text as having been 
undertaken by them and Euler at the same time. 
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subject of the nloon's apsides than upon the 
nlotion of the planetary axis. He asserts that 
N en-ton represented the theory as "giving the 
quantity of the moon's apogeal nlotion with exact- 
ness;" anù that this having been a mere dictunl of 
his without a den10nstration" philosophers waitecl 
to find it proved by subsequent inquiry, as the 
theory had been on so many other points. The 
great inaccuracy of the substance is assuredly not 
rendered the less distasteful by the manner of thi5 
statenlpnt. "II a,'ait souvent parlé à la manière 
des prophètes' qui disent ce qu'on ne IJeut ,.oir: 
alors c' est la foi qui croit" il faut que la raison se . 
sounlette." (Hist. de l' Astroll. iii. 150.) Newton 
ne\?er asserts anything which may not, from what 
he hinlself lays down" be strictly denlonstrated. 
He certainly lea'"es much to be supplied; but 
he ne,-er leav2s the reader who \\?ould, 'with due 
knowleùge of the mathematics, follo\v his rea- 
soning, .to trust his word. Eren the' scholiuI11 at 
the close of the Lunar theory (atter Propo
çition 
XXX\-" B. iii.) where more of the inrestigation is 
omitted than perhaps in all the rest of the Principia 
together, may be followed argunlentatively by a 
h
arned and diligent reader, as the J e-,uits have 
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shown 111 their inimitable commentary upon it. 
But touching the particular instance referred to by 
BaiHy, nothing can be more contrary to the fact 
than his statement. Sir Isaac 1\ ewton in the 
general proposition which we analyzed abo\"e" after 
finding that any body acted upon by a disturbing 
force in the giyen proportion to the centripetal, will 
have by the theory a progressire 1110tion of its 
apsides equal to 1 0 31' 28"" although he had not 
in the \vhole corollary made any particular appli- 
cation to the moon's motion, adds, H the apsis of the 
Inoon has a velocity twice as great nearly" (apsis 
lunæ est <.luplo veloci circiter)" (Cor. 2. to Prop. xlv. 
B. i.) ; * and though in the proposition in which 
he applies his theory to find the disturbing force of 
the sun, (xxv. B. iii.) he finds it to be to centripetal 
force as 1 to 1 í8l nearly (or double what he had 
argued. upon in the forn1er proposition), he is so far 
frolH deducing from thence any inference that the 
apsides by the theory lnove 3 0 in each rev.olution 
that he makes no application at all of the propo- 
sition to finding their motion; but in the celebrated 
scholilun where he SUl1JS up all the disturbances, in 


* It is remarkable that these words are not in the first eòition 
of the Princil)ia. 
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treating of this 1110tion, he expressly shows that it 
only comes out to be anything like the true motion 
of 3 0 by an aSSlll11ption cont
'ary to the theory; 
that is, by taking not the true equation to the sun"s 
DIPan motion, but the equation on the hypothesis 
of its following the il1\-erse triplicate ratio" 'I'he 
words abo,-e quoted from thp general proposition 
upon tile apsides ill the first book, are quite suffi- 
cient to protect 1\ ewton's Illenlory fronl any such 
aspersion as that now under consideration. 
It l11ay further be remarked, that Bailly's gpue- 
ral criticisnl on X ewton's whole iu\"estigation of the 
moon"s nlotion is singularly unfortunate. lIe re.. 
presents hinl as ha,-ing only gin
n a rough sketch 
of the subject which he left others t.o fill up; and he 
says, that this is the part of Newton's work 1110St 
iuvoh-ed in obscurity; that, concealing the route he 
pursued, he plainly has not tal\.en the problen1 in its 
full extent, but only shown generally, and by a few 
exanlples, that those irregularities could be de.. 
duced frOIll the theory; though he renders anlple 
justice to N ewton.s transcendent Dlerits in other 
respects. But here Bailly has a far higher au.. 
thority than his own agaiu:,t him, justly as his own 
l1aIne is held in respect. Laplace, who in his ear- 


. 
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lier ".orks* had seenled not sufficiently inlpressed 
\vith the inpstimable value of that part of the Prin- 
cipia, and had" while he distinctly gave the work at 
large the "}Jre-eminence over an other productions 
of the human understanding," appeared to regard the 
theory of disturbed planetary n10tion, and especially 
of the moon's motion" as a sketch left for others 
to fill up w hen the calculus should be nlore inl- 
proved, in his last work, the concluding part of the 
Mécanique Céleste, published the year before his 
death, di8tinctl y declares this \rel'Y port.ion of the 
Principia to be among the greatest" ifnot the greatest" 
1110nument of the au thor's genius. "J e n'hésitc 
l)oint à les regarder (recherches sur la théorie de 
la lune) comme une des parties les plus profondes 
de cet adillirable ouvrage." t 
It remains" ho\vever, that ".e 111ention an unac- 
countable statement of the truly great geometrician 
whom \ve have last. cited. In treating of the history 
of the lunar theory, he ::;ays that N e\vton" when 
seekino- the correction of the sun's disturbance of 
b 
the 11100n's gravitation to\vards the earth," sup- 
poses that disturbance to be ;r
.,. of the n1oou's 


'" Système du 
Ionde, liVe v. chap. 5. 
t Méc. Cél. liv. xvi. chap. 1; published ill 182:>. 
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gravity, or that which results fronl the obsen"ed 
an10unt of the lunar apogee." (jJféc. Cél. lib. xv. 
chap. 1.) For this he refers to Book iii. Prop. iv of 
the Principia, which is evidently a wrong re- 
ference" that proposition, and indeed that part of 
the book, treating of other subjects. Nor can any 
place b
 found which Laplace could have had in 
his vie"r, except the Twenty-first proposition of the 
Third book, in which the sun's disturbing force on 
the moon's 1110tion is investigated. But respecting 
that proposition" it is wholly inaccurate to say that he 
. 
there Blakes any hypothesis or acssumption of the 
proportion between the disturbing force and the 
moon's grayity; for he deduces the proportion of 
1 to 178!-
, (or which is nearly the same thing, 2 to 
357,) frOB1 the duplicate ratio of the periodic tiBles, 
and deduces it as a consequence of the Se,-enteenth 
corollary to the Sixty-sixth proposition of the First 
book, which coronary COllies easily from the Second 
corollary of the Fourth proposition of the First book. 
It is, therefore, whoIIy impossible to represent that 
position as a lllere assun1ption to suit the obseryation 
of the moon's actual variations. 
ii. The next subject of consideration is the motion 
of bodies along given surfaces" not in planes passing 
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through the centre of forces, to which case our 
inquiries have hitherto been confined. 
Let a body 11l0re in any plane in a trajectory, by 
a force directed to,yards a centre out of that plane, 
and we arc to examine its motion under two 
heaùs, as we did the 111otion of a body when the 
centre was in the I>lane of the trajectory; that is, 
first, the curve ùescribed by the given force, and 
next the force, with the velocity, when the curve 
IS gIven. 


p 


E 


 
10 13 


II 


G 


\
 


For this pur!)ose" call the perpendicular S C to 
rhe l)lane from S the given centre, p, this being the 
shortest line from the point to the plane; the distance 
S P fronI the centre to any point P of the cur\"e D; 
the distance C P = d o( that point P to the centre 
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in the plane, that is, to the point C where p fa1ls 011 
the plane; and let F, the central force" be represented 
by Il S. It is e,-ident that the force R S, acting in the 
line P S (without the plane)" is compounded of two, 
II K and S K, of which R K only can have any effect 
on the motion in the plane, the other S K which tends 
to draw the body out of the plane being by the sup- 
position nothing, because the body moves \vholly in 
the plane C P B E. But by sin1Ílar triangles, R K = 
S R X C P F. d 
P S := 
; therefore if the proportion of 
the centripetal force to the distance be known, that 
is, if F:=: Dn, It K ::::: d. Dn-I. But D2 = cl
 + IJ
 
and D = '" d'l. + p
 ; therefore R K, the force acting 
at P towards the centre C, is: d X (d'l + p'') n;- I , 
which gh-es it in tern1S of the distance C P, and the 
given line S C. Thus if the central force is as the 
distance S P, the force acting towards the centre 
becomes equal to d, or as the distance on the plane. 
So if the central force is inversely as the distance, 
then 11, = - 2, and the force to the centre on the 
d d 
plane is DI or d 2 + pi ' anù if it i
 inversely as the 
square of the distance, the force on the plane is 
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cl 
--
. But the central force bein g g iven in 
(d 2 + p2)""'2 
the plane, the in\
estigation is reduced to that for- 
merly eXplained for finding motions and trajectories 
when the centre is in the same plane with the motion. 
Hence in the case first put" of the force towards S 
being as D, and the force towards C being" conse- 
quently, as d, it follows from ,vhat was formerly 
shown respecting 1110tion in the same plane" that the 
curve described on the plane of the centre C, or 
P B, in this case is an ellipse; that the tinlCS in which 
the ellipse is described will be the saD1e in whatever 
plane the bodies D10ve; and that if the ellipse, 
by lengthening its axis indefinitely, becomes a 
straight line" the vibrations of the body in that line 
will be performed in equal tin1es to and frolll the 
centre on both sides of it. 
By a somewhat similar process ,ve find the 1110tion 
and trajectory of a body nloving on a curve surface 
by a force directed towards a gi\-en centre in the 
axis of the solid of revolution which forn1s that 
curve surface. It is first shown" that if from any 
point of the trajectory P g H on the curve surface 
(which being a cur\'e of double curvature we shall 
call the double curve), a perpendicular g 0 be drawn 
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to the axis C S, and from any other 110int of the 
axis there be drawn a line equal and parallel to g 0, 
as C p, C p, will describe areas proportional to the 
times. By means of this IJroposition and the former 
ones respecting motion in the same plane" we are 
enabled to find the curve P phon the plane P B E" 
the points of which CUf\-e are" as it were, a projec- 
tion of the trajectory" or double curve, P g H on 
that plane; and having found P p h, the double 
curve is found by drawing perpendiculars to the 
IJlane P B E, fronl the curve P p It to the curve 
surface P G E, whose fOl"lll is given. Thus suppose 
the solid to be a cylinder" in which case the curve 
P p h will be the circle which is the section of the 
cylinder; then if the central force acts (by S being 
remo\"ed to an infinite distance) in lines parallel to 
the axis, and we suppose the body to begin its 
lllotion in the double curve P g H, with the sallIe 
yelocity as that gi\yen or central velocity, with 
which it would describe P p h" the double curre is 
found by taking the ordinates p g in a given 
rroportion to the 
quarc of the circular arch 
p I)j2 
P p" or as -L; and consequently P g 11 IS a 
m 


species of quadratrix described on a cylinder. 
The motion of pendulums is eridelltly a case of 
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motion In a curve surface by a force directed 
towards a point in the axis of the solid" of which 
solid the curv ùescribed by the pendulous body is 
a section; and Sir Isaac Newton discusses thi
 
subject fully. As subservient to this inquiry, he 
gives sonle important properties of the cycloid, or 
rather of the hypocycloid and hypercycloid, for 
he is not satisfied with the in,"estigation, which is 
sufficiently easy, of the ordinary cycloid's prolJerties, 
thp cun-e described by a point in a circle or wheel 
running along a straight line" but exanlines what 
is more difficult" the properties of the hypercycloid 
and hypocycloid, or the cu!'\,-es described by a wheel 
moving on the convex" and the conca\"e great circle 
of a sphere respecti,-ely. Of these properties the 
most important is this. If D be the diauleter of the 
sphere, and d that of the wheel, the length of the 
d 
h ypercycloid is equal to four tinles D X (D + ll), or 
four times the length of a fourth }Jroportional to the 
SUIU of the two dianleters, the wheel's dianleter and 
the slJhere's. It is then shown how a IJcnduhllu 
nlay be maùe to \-ibrate in a gi\-en cycloid" or rather 
hypocycloid" nanlely, by taking a distance, which 
is a third proportional to the part of D, which the 
hypocycloid cuts off (that is, the distance of the 
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s 


p 


p 


hypel"cyclùiLl frolH the centre of the spherp) an\.l 
D ; and fron1 that distance S so found, drawin
 

 ...... 


two cycloids touching the sphere, or its great circh'}.. 
and l11eet!ng in the point so found. If to that point 
S, a flexible line or thread be attached and bent. 
round one of the cycloids S P, it will unrol it
elf 
and then bind itself round the other cycloid S P', 
and its c:'\trerr1Ïty will òescribe the cycloidal cnr\"e 
l
 p' required, onc of who:-5e propertie:, is, that all 
the ,-ibrût:ons in its arches aloe perfornled in equal 
tinles, hOiyen:'r unequal the lengths of these arc
 
111ay be, proyided that the centripetal fùrce is in each 
rart of th
 curr(\ directly as the distance frOln the 
cputre, and that no other force acts on the l11o"lng 
boch.. 
But the saBlC solution 111ay be generalized and 
applil'd to any gi,-en ('UITe whate,.er; for the ClUTes 
found and along which the flexible line is traced 
and frora which it is tlwn unrolled, are the e,-oIutc:" 
of the gi\"en cnrrl
, and are found in each case by 
"OL. II. S 
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l11eans of the radius of cUf\yature, being the curve 
forn1ed by its extremity, or the locus of the centres 
of t he osculating circles to all the gi'9
n curre's 
points. If the cur'ge in 'which the body is to nl0ye 
be a circle, the evolute is, of course" a point, the 
centre of that circle" the radius of CUf\yature beincr 
o 
that of the circle. If the curve is a conic parabola, 
it will 1Je found t hat the e,-olutes" or the lines fr0111 
,vhich the penduhllll'
 thread Blust wind on: arc 
cubic parabolas, whose equation is y2 == (
x?, 
the length of the pendululll being unity. The 
only case of the 11roblen1 in\-estigated by Sir Isaac- 

 ewton is that. of the cycloid, which has the rp- 
n]arkable property, that its evolute is an equal and 
sirnilar cycloid, a property which it has in conl- 
mOB with another curve, the logarithnlic sriral, 
whose tancrent n1akes with thp radius vector a con- 
ö 
!'tant angle. lIe in,-estigated the case of hypocy- 
cloids and hypercycloids, rather than the conlnlon 
cycloids. because it is that of the earth's gravity, 
which abo\ge the Rurface decreases in\-er
ely. as the 
square of the distance frODl the centre, but within 
the sphere increases as the distancè silnply. 
I t follows, frolH the propositions respecting the 
vibration of pendulunls" that the times of the de
Cl'llt 
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of falling bodies may be conlpared together and with 
the times of vibrations of the l)endulum" so that th
 
time of a ,"ibration round a given centre being gi,.en, 
as a second, the tinle of the falling body's de:-:cent 
to the centre of forces can be founù, or the 
qual 
tirne of yibration in the circular arch of 90 0 with 
any radius. The time is to the gi,-en tiule as 1 to 
J _
, L being the length of the pendulunl and D 
D 


the distance frolTI the point of su'pension to th
 
centre of forces; and since D beconles infinite and 
the lines in 'which the central force acts 11arallel, 
and since half the length of the pendulunl is to the 
line fallen through in the time of one ,'ibration ao; 
1 to 9,869 nearly (the proportion of the square of 
the diameter to that of the circulnference), we can 
easily ascertain the force of gravity at any foint by 
the length of the penduhllu vibrating seconds. It 
is found to be in these latitudes about 34'44, conse- 
quently a body falls in a sec-oncl throngh about 
1 ß feet 9 inches. 
I-litherto we ha,-e only consid
reù the 111otioas 
and trajectories {Jf bodies acted upon by force3 
directed towards a fixed centre ,,-hether in tl1e plane 
of their motion or out of that planp, and supposing 
s2 
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tlia t plane either to be fixed or to be nlo'"ed ronnel 
the ccntrp of forces. But as action and reaction are 
equal and opposite, by the third law of nlotion origi.. 
11ally stated" it is eyiùent that the case of a fixed 
centre cannot exist. when the attraction, which WP. 
call the centripetal force, l)roceeds f'-Olll a body 
})laced in the centre, unles
, indeed" S01ne counter- 
acting force shall fix this body to one point; for if 
no force exists but the lllutual action of the two 
bodies, the central one n1ust be acted uron by the 
one which 1110'"e5 ronnel it, and its rosition musl he 
affected by this action. IIence" for exarr.ple, if 
there ,,-ere only two hea,-euly boùií's, :\1 antl E, and 
t}H
 011C, 
I, ll10\-ed round the other, I
, by a rl'ojec1ile 
force original] y inlprf'i'sed lIFon it, the ot Ill'}", }1
, woul{l 
also nl0YC rounel 
1, unless the 1113:;;S of the latter 
body was infinitely slllall, 
nd its attraction, pro- 
. 1 h . 1 1 ., I {'\" , 
I)OrtlO11a to t 1S l1laSS, COll1( not sensu} y aïlect tne 
laro"er bod",. .Again, if two bodie
 , the one lì1oyino- 
o 
 
, 0 
round the other, both together 1110'"C round a thirù, 
S, the action of this thirJ win affect thc 111otions of 
the other two relati,-ely to ('aC'h other. 'rInls each 
sn1aller systen1 will be af!"pctetl, both as to the 
DlotÎons and orbits of the bodies conlposlng it, by the 
action of the Lody in the C0l1lnl0n centre of the 
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,,'hol
, and they ,,"ill also be aflt"cted by the action 
of the bodies in the other 
ystcnlS, ha\-ing the sanlC 
con1mon centre. l'he. inquiry, therefore, divides 
itself into two branches; find, the difference between 
the nlotions which we have hitherto been considering 
when the centre was fixed, and the actual 1110tions 
of the systeIll, as that of the lnoon and earth revolving 
round each other wit h a 1l10\-eaùle centre; secondly, 
the still 11lO1'e illlportant difference between the 
Inotions already considered, and the actual lllotion:;::, 
which difference is caused by the mutual actions of 
the who]e bodies on í'ach, and varies both the 
nlotions and the or1its of a11. 
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Î. Suppose two bodies nlutually attracting caeh 
other and inlI'('lled. by a single original force of 
projection, as E aud 1\I" their centre of gnn-ity 
being G; it is clear that if 
I moves a very slllall 
space to 'In by the attraction of E" so will E 
1110\-e to e by the attraction of 
I" anù the two 
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triangles E G e and 1\1 G 1/l will he siluilar in all 
respects; for the lines 1\1 G" m G and E G, e G are 
prol)ortional, because the seglnents of the lines 
E 1\1 and e 111 are always in the sanlC proportion. 
G being the centre of gra,-ity, and those segments" 
t.herefore, inversely as the 111aSSeS of E and l'I. 
Therefore the CUf\-es which the bodies describe 
round the centre of gra,"ity will be entirely sinlilar. 
In like manner they will describe sirnilar cun-es 
each round the other, and the radius yector of each 
fronl the other, as wpll as fronl the centre of gra,"ity 
will describe areas proportional to the tiDles. It 
follows fronl this and frol1l what was before sho\\ n 
respecting centrilletal forces, that the t \Yo bodies 
\"ill 111o\"e in concpntric eHipses round one another 
and round their co 111 111 on centre of grayity, if the 
centripetal forcp is as the distance, and that each 
will describe one or other ûf the conic sections, 
ha, ing the other, or the COnl1110n centre of grayity, 
in the focus, if the centripetal force is inversely as 
the square of the distance. In like nianner" becau'S(' 
of the ratio between the squares of the periodic 
tilnes and cuhes of distances, it may be shown that 
if T ùe the periodic tinle of the bodies nloving round 
their centres of gra,-ity and t the periodic time of 
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11 1110\'in g in a s inlilar figure round E at rest" T : t : : 

 E : ,j-Sl + E; and if these bodies 1110VC with 
torc('s ill\-e}"sely as the squares of the di
tances round 
their centres of gra,"ity, if j\ h(' the gr('atf
r axis of 
the ellipse described Ly 1\1 round E, and a the 
greater axis of the ellipse it would ùescribe round 
E at rest in the saIne tinlc, and if 
l + E: 111 : : n : 
E, then A: (f : : 
I + E : 'n1. I-Ience, if we han:
 
the periodic tinlc5 of the planets, we can {jnd the 
greater axe::; of their orbits by taking A3 to as in thç 
IJroportion of 1"2 to t 2 (the ellipse being supposed 


'll 
described round the sun), and 11lultipl)Oing it by l
 . 
So the InaSo
e
 luay, likewise, be found from the 
di::,tances. 
1'he nlotiol1::; and paths of bodies thus nHltual1y 
act.ing are now to be considered, and first our 
author shows, that if two boùics act on each other, 
and move without any other, or foreign, influence 
whate\-er, their ulotion will be the sanle as if, in- 
stead of acting on one another, some third body 
placed in the centre of gra,"ity acted upon each of 
them with the bamc force with which each acts on 
the ot her; and the sanle law willlJrevail (but re- 
ferred to the distances fron1 the centre) which pre- 



3g2 


PRl
CIPIA. 


'
ailed In their nll1Ìual actions when referred to 
their distances fr01l1 each other. Suppose the bo- 
dies 1\1 and E to attract with forces directly as their 
. 
Inasses 
1 and E, and iu\.ersely as any power n of 
their distances" that is their attraction to be as 



I E 
Dn , and D'" and that the distances of the centre 
frolH 
I and E are C and c respectively; thell be- 
cause C: c : : E : j\I, and C: C + c (or D) :: E 
: E + 1\1, a body in the centre will attract 
I with 
E E X Cn 
a force as Dn , if it ùe equal to D" , that is 


ElI+1 
equal to (E + 
1 )n ' and, in like lllanner, it will 
1\1 
attract E with a for
c equal to D'" if it be equal to 
j\ I n+ I 
E + 
l)n. 


If 11 is 2, or t he force be as the inverse square of 
the distance" the body IJlaced in the centre will h,-
 

I3 
equal to (E + 
l )
 ; if 11 == -I" or the attraction le 
directly as the distance" the body will ùe in both 
the case of 
I and E equal to E + 1\1; and if' the 
attraction be as the 
quare of the dislance directly, 
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the central body will be in the two cases of the two 
(
J + E)
 (
1 + E)2 
bodies l\1' and - E respecti\"ely. 
X ext as to the absolute trajectory of the boùies 
thus acting on one anoth('r, or their path in 

pace" we hare an inycstigation analogous to those 
inquir:es fLrnlerly irstituteù where the centre of 
forces was fixed. For the body or bodies being 
known (by what we have last shl \vn) whose mass 
gi\"es at the centre the saille attractions as the two 
bodies exercis
 on each other, we can deteflnine for 
each of th
sc bodies the path in which it will mon

, 
11roridcd we know the initial direction and \"elocity. 
'rhus let 'In == :2 in the Jast expressions, we have for 
the nlass hy w:ì.Ích 
l is attracted towarùs the 
E3 
conuuon centre of gra,-ii.y" (
f +. E)2 ; and })I'O- 
ceeding as was formerly shown in the case of inl- 
Dl0yeablc centres, we find that"ifthe curve described 
round the centre at rest be a circle, if that centre 
nl0YCS in a straight line, the orbit in space willle a 
cycloid; if the centre mo,Tes in a circle, it wiil be an 
epicycloid or hypercyc1oid, and if the curye be a conic 
parabola, the nlotiûn of the centre will change this 
into a cubic p
rabola, which will thus oe the path 
s3 
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arising frOlll its pa 1 .aboHc lllotion conlbined with the 
advance of the centre of gravity. 'fhe Dloon in 
this way desc:'ibes thirteen cycloidal cun-es in a 
year" and all of thenl conca,"e towards the SUB. 
It. a})pears then, that the orbits of the systenl 
conlposed of our earth and its satellite, n1u5t be 
considered as traced, not by eit her of t he
e bodies 
but by their centres of gravity. \Yhi}e neither boùy 
describe
 an ellipse round the 
un, but both revoh-e 
rounù each other and round their centre of grarity, 
the centre itself describes an eUiptical line, a line 
,,-hich woulù be a perfect ellipse if no disturbances 
of another 
Ainù than these which we hare been 
cOllsiùering interfered to alter the forn1 of the 
orbit. To these disturbances we now proceed. 
ii. \Yhile the prin1ary 11lanets and their satel- 
lites are influencing each other, and while the 
whole DI0tioll of each subonlinate svstenl round 
., 
the sun, the comn10n 
entre, is the elliptical orbit de- 
scribed by the centre of grarity of each such systenl, 
there are ùistul'bing forces exerted on each planet 
Ly the rest, anù on the 11l0tion
 of satellites Ly the 
action of the su n also; so that many sensible de- 
viations take place froul the ll10tions, and fÌ'on1 the 
orbits) which those bodie:3, both prinlary planets 



PRU,CIPIA. 


:195 


and satellites, would hare, if they Dloved round the 
common centre undisturbed; that is, if they de- 
scribed elliptical orbits round the sun by his attrac- 
tion, without any other force acting on thenl" except 
that attraction of the sun on each p1anet, and the 
attraction of each l)lanet on its satellites. I f no such 
disturbauces existed, and the only forces that acted 
"'ere the 111utual actions of the l)rill1ary and satel- 
lites on each other, and of the sun on the ('OHlmon 
centre of grayity of the primary and satellites, the 
centre would describe an ellipse round the SUIl, and 
the prinlary and satellites would describe enil)s
 
round each other and round that centre of gravity. 
Thi", however, is not the case; and we are now to 
consider the effècts of the disturbance occasioned by 
the sun's action upon the satellites, and the dis- 
turbance occasioned by thp action of the planets on 
one another. This fornls the subject of Sir Isaac 
Xewton's inrestigations in the second branch of 
that section which we ha\"e been considering; an 
inquiry regarded by some as the most extraordi- 
nary portion of th(\ great work which forms the 
lwincipal monument of his genius. Fronl this opi- 
nion it is difficult to withhold our concurrence; but 
it 111ay be adn1Ïtted that here, as in the operations 
for finding orbits fronl given forces and cOIl\-ersely, 
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the great ill1pro\"elnellts of nloùerll analy:sis ha'"e 
afforded easier and Dlorc n1anagcable 111ethods of 
inrestigation. 'I'hat this lllust be true as regards 
the planetary disturbances, will be apparent u pOll 
a lit tIe reflection. 
The grand problcll1 III CH.
ry case is to finù the 
IJl"cci:3c effect of a disturbing force upon the path of 
a gin
n body 1l10ring by a cOlllbined centripetal 
and projectile force; and what has been called the 
l
roblelu of rrhree Bodies presents the 
in1rlest 
case of the question, being the detern1Ïnation of the 
111otiollS uf two bodies acted upon by one another anù 
bv a third boch". But thollo-h this is the :-,Ìn1 1 ,lest 

 . 0 
case of the general quc::stion, it has beeu founù to _ 
IJl"est'ut difiiculties of the highc::5t order" anù a ge- 
neral and rigorous solution of it has been found to 
<.'xc('ed the powers of the Bl0St illlprorcd analysis. 
111 the tin1C of Sir It:aac X ewton, that anal y
is of 
which he was the il1\"C'ntor had not attained any 
thing like its greatest perfection. Ilencc, in grap- 
pling with the subject, he had u1uch of the diffi- 
culty to contend with, which luade hinl gi,-e less 
con,.enient fonnulro than we now po
;:,ess for the 
solution of thf'. other probler
.s re]ating to orbits 
and Dlotions. The Inere irI1prOVenlent of the inte- 
gral calculws by the adrantageous approxinlations 
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thro\lCTh senes, loO'arithnls, and the aritllluetic of 
o c 
sines, would ha,-c afforded inlportant faciliti('s for 
thC5{, inquiries; hecau
e the solution nlust conlC 
always to an integration. Accordingly Euler, 
Ð'.Alenlbert, and Clairaut, availed then1st:'h"es of 
that Ïrnpro,-enlelÜ to in,-estigate the problc111, a8 we 
hare already 
e(,l1. But SOOll after their resea:'ches 
had led to the in1portant r
sult fornlerly described" 
a great refinenlC'llt was introduced into the calcu- 
lus, which hore directly upon the subjpct of these 
inquiries; and this exceedingly facilitated the solu- 
tion of the problc111 in its more e
tendcd applica- 
tion. \Ye alludf' to the in,-entiol1 of the Calcula- 
tion of Variations by Euler and Lagrange. 
\Ye ha,"e in the introductory part of this _-\na- 
]ytical '-icw eXplained that this calculus enables U
 
to exan1Ìne the transition of one cun-e into another 
in certain circuDlstances, by showing how those 
lines 111ay be found which ha,-e certain prorerties 
in relation to other lincs of a different hind, anù 
thus to investigate }u.oblen1s with rcspect to cun"es, 
whose nature changes under the in,"estigation, 
because the relation between their co-ordinates is 
yariable, and is indeed the thing sought for. I t is 
e\"iùt>nt, therefore" that this calculus has its inllue- 
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diate application to the subject III question. For 
the effect of the disturbing force is to change at 
each nloment the nature of the path" ,vhich, but for 
that force, would be described; or the inclination of 
orbits to one another, which, but for such disturb- 
ances, would subsist; or the position in space, which" 
but for the disturbance, these orbits would have. 
N ow, those changes produced by 111utual disturb- 
ances, really cOlnprise all the eflects of the disturb- 
ances on the planetary system. Thus, beside the 
precession of the equinoxes and the lllotion of the 
apsides and nodes, which we have just now gene- 
rally stated, the alteration in the form of the cun-e 
includes also the change of its eccentricity" and the 
acceleration or retardation of the 11lotion itself. 
Hence, we ha,-e at once pro,'ed that the detern1Í- 
nation of those effects which arise from disturbino- 
n 
forces, is in a peculiar 111anner t he province of this 
new and refined analysis, the Calculus of Variations. 
Therefore, beside the facilities afforded by the inl- 
prOyemellt of older methods of iu\-estigation" the 
addition of this ne\v instrunlent to our Dleans of 
soh-ing the problem has established an entirely 
novel 111ethod, and opened an ahnost unknown field 
of inquiry" from which the original author of all 
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these discoreries was neces:5arily shut out.. Instead, 
therefore" of 11linutely going over the steps of his 
solution, as applied to the celestial 111otions; we 
shall show the course which he pursued by (}(,1110n- 
strating its fundalnental principles; but we shall 
begin by stating concisely the results of the 1110re 
recent. in, estigations as affecting the science of phy- 
sical astronolllY; and shall reserre the fuller discus- 
sion of this subject for the account of Laplace's work" 
In considering the 1110tions of the planets and 
their satellites rounù the sun, we 11lay first regard 
hin1 as fron1 his Inagnitude and distance so little 
aflècted bv their attractions, that his nlotion i::; 
0.1 
trifling, anù cannot sensibly affect. that of the other 
bodies; so that he may be viewed as at rest; and 
thell the slualler bodies win both lTIO,-e rounù onp 
another, and round the larger and more distant 
body as if he "ere fixeù. But the mO\"E;\111ellt. of 
these boùies will not only be thus affected by their 
1l1utual actions; thpy will be affected in their 
1110tions round one another by the action of the 
third body, the sun; anù this action will disturb 
and alter their relative 111otions" as reaards both 
o 
their velocities, the fornls, and the positions of 
their orbits. Thus the position of the 11100n'8 
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path round the earth" is affected by the suu"s 
attraction, that- is, by her grayitation towards the 
sun, which còtubines wit.h her gra,"itation towards 
the earth to detrrmine he1" absolute n10tion; anù 
l)oth the position of the axis of her orbit (the line 
of apsidc::,), and thp position of the line joining the 
intersrctio113 of her orbit's pl!ne with the plane of 
the earth's orbit (the line of nodes), arc continually 
changing, and we haxe seen in a l)articular Dlauner 
how the apsidf's rc,"oh-e in one period of tÏ1nc 
(about. nine years), and the nodes in anothèr" 
(about nineteen yeal's.) 
But there is a ,-ariation in the rate at whieh both 
t he line of the apsides 3ud the line of the nodes 
reyoh-e. The quantity by which both of these 
lines aù,"ances in each year sensibly decreases; 
o 
that the period in which each effects a conlplcte 
re,-olution heconles longer anù longer. It appears 
that the fOrll1er lint' rc\"oh-es now 8' 2" slower than 
in the earliest ages of astronomical observation, 
about 2;j! centuries ago; the lattcr line only 
l' 42" 14"'; the forll1er n1otion diminishing each 
century by ::6" 41"'; the latter by7" 51"'. 
It is equally found that the disturbing forces 
accelerate the luoon's nlotion by a very snlall 
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quantity; or that she re,"oh-es round the earth in a 
reriod of about II" 7'" short
r than she did a 
century ago; her angular velocity being increas
tl 
between the 12 and 13,000 millionth part of hel" 
total n:llocity in the period of ] 00 years; n1aking 
the yearly acceleration wholly insPl1siblc; anù the 
total acceleration, or shortening of her l1eriodic tinle 
since the creation of our species 60 centuries ago, 
only 11 n1Ïnutes and 7 seconds, sUP110sing it to go 
011 as the tinlCs, but as it increases in a lower pro- 
!)ortion (probahly as the cube of the tiIl1es) its 
total amount is lTIOre considerable, and Laplace 
reckons it at about 7' 30" for the last 25! centuries. 
'"This acceleration had not been unobseryed 1n 
Halley's tinIC, alld it was discussed acutely by 
l\fayer; but its cause was first disco,-ered hy La- 
l,]ace; it is the sun's action upon the Inoon, COlll- 
Lined with the ,-ariation in the orhit of the eari h" 
the eccentricity of which has been dinlini
hing 
regularly, though by an extren1{
ly small quantity 
(only .J .OOOOOO,Gt:;j of the greater axis of our 
orbit), so that the orbit has ùcen slowly approach- 
ing n10re and nlor
 to the circular form. It is a 
great proof of the usefulness of the calculus in 
these investigations that this great geonlctrician 
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appear
 to ha\-e discovered the connexion between 
the earth's dilninishing eccentricity and the accele- 
ration of the moon's n1ean n10tion, by the careful 
exan1Ínation of the n1ere equation or algebraical 
expression. For the reciprocal of the semi-axis of 
the nl
on's orbit
, as influcl1ced by the sun's at- 
a 
traction con1bined with the earth's, is found to be 
represented by an expression, which" among other 
. . 3 a 2 lU' e'2. . ,. 
ternls" contaIns tIns - - In wInch a IS 
4 (['3 


the senlÍ-axis of the earth's orbit, m' the nlass of 
.the sun" and e' the eccentricity of the earth's orbit. 
Consequently" as e' ùecreases" 2..- increases, the 
a 
ternl being negative.; and therefore a itself ùe- 
creases as e' ùecrea5es; in other words" the 1110 on' s 
orbit is diminished" anù her velocity augmented, in 
conscq uence of the 
arth's eccentricity decreasing. 
But if the ùin1inution of the greater axis is not 
adll1itteù as necessarily lessening the orbit" we Inay 
recollect the relation between the tiDIes and the 
mean distances, the former being as the (
ubes of 
the latter; anù the nlean motion is" of course, 
in,-ersel y as the periodic tin1e. Howe\-er Laplace 
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furnishes us with a still closer reason" and illus- 
trates the use of the calculus" as it were, by a new 
trÏtuuph, in another part of the J.1Iécanique 
Cé! este. *' For the equation of the nlean angular 
niotion is shown to be Jl == tJ:
 ' t being the tinle, 
a2 


(( the transrers(' axis, ilnd fh, the sunl of the Inasses 
of the two bodies, in this case the nloon and the 
earth. 'fherefore n, the mean motion, 111ust neces- 
sarily be accelerated as a, the axis, is dinlinished. 
And here in pa
sing, we also observe how I
epler's 
law of the sesquiplicate ratio llia)' be pro' ell, but 
only if we lllake M === S (the sun); and neglect 
the mass of the planet. For take two planrts whose 
I1H'ül1 nlûtions are 11, and '11,' round a third hody, and 


thei)' n}ean l1}otions Leino' as t ,J fh and t' J f.J.- ', 
o ..:i ,3 
a .2 a 3!" 
and because (
 7: being 360 0 ), n t == 
 Tr, thereforp 
2Tr 
Tr 2?r.{/
 
t = -, and t' = ---;-, or t = J --=- , and 
n 1t 
 
2 '7f a';l 
t' = -Jï;: 2 , consequently t 2 : ['2 :: as : a'3, being 
Kepler's law, which is thus denl(Ilstrated. nut 
it is only denlonstrated and is only true if "r; 
.. Liv. ii. ch. 3. 
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is t.he satue to both pJanets" that is" if f.J.. = S in 
each casc. Xow" this may be assulueù in th4? case 
of those bodies reyoh-ing round the sun, or of the 
satellites of Jupiter and Saturn reroh-ing rounù 
those primary planets, becau
e of the great dispro- 
portion between t he central body and the others, 
(the largest of thetn, Jupiter, being less than a 
thousalHlth part of the sun.) But the law would 
not hold true if f.J.. were taken, as in strictness it 
ought, as S + P, the sunl of the D1asses of the 
central and the re,"oh"ing body; for then p.. would 
difièr in each instance, and the sesquiplicate pro- 
portion would be destroyed. I-Ience, we arrÍ\-e 
through the calculus at this ilTIportant conclusion, 
that the law only holds, if the mutual actions of 
the planets on each other are neglected; and that, 
therefore, the law is not rigorously true where, as 
in the case of the earth and ot her
" the actions of 
the otl)f
r }1lanets are sensible. 
Again, the inspection of the algebraical expres- 
sions shows that the ,-ariat ion in the eccentricity of 
the earth's orbit proùuces, likewise, the retardation 
of the apside:5 and nodes; and this disco\-ery was also 
nladc, apparently, by the mere inspection of the 
expressions which the calculus had furnished. 



pnJ
ClrJA. 


405 


'fhl1S the expre
sion for th
 nlotion of the perigee 
(or apsides) involves the integral f e. 2 d t. (v being 
the true anolualy), * and this quantity i
 po
iti\"e. 
Therefore the decrease of the eccentricity of the 
earth's orbit" causes a decrea:,e, also, of the perigeal 
n10tion of the nloon. A nd one of the ternlS of the 
equation to the 1110tion of the nodes contains the 
Sêuue integral f e'2 tl v; consequently the sanle 
eccentricity is likewise' the cause of the yariation in 
the period of their re\-olution" t 
X ow we ha'"c scen how ext renlely sluall these 
ilTPgnlarities in the 11100n'5 ulotion are which the 
tlwory gives by thi
 analytieal process, and that ther 
are hardly sensible in a whole century; yet it i:-; 
tourd that the deductiou:-. of the calculus are in a 
relnarkable Blanner confinned by actual ob
el"\'ation. 
PrL1ctical astrononler::" for exanlple, whol:y ignorant 
of Laplace's disco,"cries, h
l\-C ascertaillC'd that the 
secular variation in the 1110tiùa of the nloon's ap- 

itlesJ ascertained by c0111paring t hc eclipses in the 
Greek, _\rabian, and Chahh'an aSh'On0111Y, with 


# .\ngle of the ra<lius \"ector with the axis of the orhit. 
t l\Iec. Cé1. liv. vii. ch. 1. This wonderful chapter is a 
mere seril's of integrations, auù contains, from the il:Sp
Ctiúll of 
tlll
 equations, those singu
ar ùiscovfri
s re
pedil1g the laws of the 
uninr
e. 
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those of the last century, is about 3. 3" or 33 tenths 
of the moon.s l11ean motion, and this is thp exact 
result of the calculus. Laplace also disco'"ered, 
, 
chiefly by sinlilar means, a very small secular inequa- 
lity in thp nloon's nlotion never before suspected, 
and proùuced by the sun's attraction.* It was found 
by observing that the divisor of SOUle of the frac- 
tional ternlS of the equation which shows the inequa- 
lity is extremely small, and that, consequently, the 
irregularity may become sensible. A correction of 
the tables was thus introduced by this great geo- 
nletrician, in ,,"hich the theory approaches, on an 
a,-erage, to within 
o of the act.ual obsen'ation. The 
sign of this inequality being negative, it is a retar- 
dation of the nlean motion, and is to be set against 
the secular acceleration. It Blust be oùsen.ed, 
nloreover, that the errors of thp. theory, a
 c0111pared 
"it h the obserration, are half of them by excess and 
half by defect; so that they may be 
aid to balance 
each other. rrhe Dlaximun1 of this inequality is 
little more than 1.3", and its period is 184 years. 
IIitherto of the nloon; but we arp, in like 
111anner, conducted by the sanlp refined, though 
complicated, analysis to the ,-ariations in the orbits, 


* l\Iéc. C
I. liv. vii. ch. 5. 
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and consequently in the lllotions of the earth and 
of the other planets, as well as of the satellites of 
Jupiter and of Saturn. The most remarkable 
variations produced upon these orbit
 are the changes 
in their eccentricity and in their aphelion; the 
former being constantly, though slowly, shortened, 
the latter n10ving round by slow re,"olutions, as the 
line of the llloon's apsides revoh.es, hut revoh"es 
nluch more swiftly. 
The expres:::;ions obtained in the case of anyone 
planet for the eccentricity and perihelion longitude 
(revolving motion of the axis), are mainly COll1posed 
of the nlasses, distances, eccentricities, anll perihelion 
Iongitude of the disturbing bodies with the known 
eccentricity and longitude of the planet in question 
at a given epoch. IIence we perceive that on these 
circU111stances depends the variation of the ecceu- 
tricity and the re,-olution of the axi
 of the planet. 
1'hus the secular variation of the eccentricity of the 
earth's orbit is 0.000045572 of e, the eccentricity 
which at the epoch (1750) was O.OIG814 of the 
sen1Î-axis 111ajor of its orbit" and it has the negati,.e 
sine in the expression; consequently the eccentricity 
is on the decrease, as we before obsern:,(l. 'This 
dinlinution of the eccentricity anlounts to about 
IS" ,9'" yearly (or ahout 3900 n1Íles). "r e ha,-e 
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already observed that the annual revolring motion of 
the axis of the earth's orbit is 11" 53"', and its period 
1 00,OGO years. The cxau1ination of the expressions 
for these irregularities shows, as Inight be expected, 
that l\Iars, 'Tenus, and J upite.r bear the Dl0st con- 
sideraùle share in producing the variations.,1j But 
it is a truly relnarkable circull1stance that the direct 
action of those 1)1anets upon the moon's 1110tion is 
harùly sensible cOlllpared with their indirect, or, as 
it. is sonIetimes calleù, reflected action upon the sallIe 
body, through the 11lediu111 of the sun and the 
earth. For these planets, 1\1 aI'S, Venus, and Jupiter, 
1))' altering the eccentricity of the earth's orbit, yerr 

ensibl y affect the l1Iotions of the 11100n, as we ha ,'p 
seen, while directly their action is inconlparably 
Jess perceptible. 
The perihelion longitudes of all the (it hcr planets 
are increasin cr , or their orbits a(ht

ncin{Y, excc l 
)t 
o 0 
'
enu
, whose apsidcs are retrograde; and the eccen- 
tricities of '"1" enl1S, Saturn, and IJranus:, arc de- 
creasing, like that of the earth, whilst those of the 
other planets are 011 the increase. These ,'ariations 
arC' greatE'l" in Saturn than in any of the others,- 
cOl1.3iderably greater than the yariations of )Iars" 


.. :\lél". Cf1. lir. ii. ch. G, i, 8; lire \"i. d
. i. 
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which comes the nearest to them. The variation 
in the eccentricity of Jupiter's orbit is nearly three 
times as great as in the Earth's; that of Saturn 
between Ih"e and six times greater than the Earth's; 
while the variation in the perihelion longitude of 
the former is about five-ninths of the Earth's varia- 
tion; and Saturn exceeds the Earth's in the ratio 
of about 25 to 18, and exceeds that of 
Iars only 
somewhat 1110re than as 49 to 48. 
'Yhen t.he attention of mathenlaticians and astro- 
nonlPrs was first directed closely to exan1Íne the 
disturbances of these planets, it appeared hardly 
possible to_ reconcile such vast and numerous irregu- 
larities" as were found to exist, with the theory of 
gravitation, or indeed to reduce them under any fixed 
rule whatever. The case seemed to become the nlore 
hopeless when so conSUlllnlate an analyst as Euler" 
the great improver of the calculus, failed in repeated 
attenlpts at investigating the subjecT, cOlnmitting 
several important
 errors which for a time were not 
detected, but which showed, or seelPed to show" a 
wide discrepancy between the theory and the ob- 
servations. By one discovery, indeed" to which his 
researches led him, he may be said to have laid the 
foundation of the most extraordinary step which has 
VOL. II. T 
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been made in the knowledge of the planetary system. 
"r e allude to his theorem on the periodicity of the 
eccentricities and aphelia of Jupiter and Saturn. 
But in nlost other respects his attempts signally 
failed. D'Alembert made little progress in this 
inquiry; but at Jength Lagrange" and still more 
Laplace, by applying all the resources of the cal- 
culus" in its last stage of improvement and after the 
method of variations had been systematized, suc- 
ceeded in reducing the whole to order" and dis- 
covered" while investigating these motions, the great 
- , 
law of the stability of the universe. 
The circulnstance which mainly contributes to 
render the irregularities in the motions of two 
planets great, and which e
pecially augments the 
disturbance of Jupiter's satellites" is that the mean 
motions are commensurable after a very remark- 
able manner" Five times the mean motion of 
Saturn are equal to nearly twice that of Jupiter: 
and the three first satellites of Jupiter are so re- 
lated to each other, that the mean motion of the 
first, added to twice the mean motion of the third, 
is equal to three times that of the second; while 
the longitude of the first added to twice that of the 
third, and subtracted from three times that of the 
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second" makes up exactly 180 0 . Laplace showed.. 
that this proportion of it was :not originally fixed 
between those satellites, and must have been esta- 
blished by the action of the attractive and disturbing 
forces,. and it is a truly remarkable thing, that 
when the theory had given a value for the three 
mean motions 1\1 - 3 m + 2 1J- = 0, the compari- 
son of the eclipses for a century ,vas found to make 
the expression only 9", and consequently to tally 
with the theory within that very small difference. 
The observation of the effects which were produced 
upon the equations which resulted from the ana- 
lysis, by the proportions above stated between the 
mean motions of Jupiter and Saturn, induced La- 
place to suspect that this made quantities become 
of importance" which from the high powers of the 
denominators might otherwise have been insigni- 
ficant. For one of the terms in the expression by 
\vhich 
 r (variation of the radius vector of the first 
satellite) for example had for its denon1Ínator 
4 (n' - 11 y
 N2 in which nand n' are the mean 
motions of the first and second satellite" and N a 


$ Méc. Cél..liv. vi ch. 1. 2. 12. 13; also for the analytical in- 
vestigation, see live viii. throughout, and liVe ii. ch. 8. 865. 
T2 
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composite quantity not nlaterially differing from n', 


n 
'which differs hardly at all fron1 9' inaslnuch as 
.;J 


n = 2 n', while n' ::::: 2 n" (n" being the mean mo- 
tion of the thir,l satellite), and hence the above de.. 
nominator becoilling little or nothing, the term is 
of large amount, and so of 
 v, the variation of the 
anonlaly. * lie accordingly unùertook the labo. 
rious task of exan1Íning this complicated subject 
by considering all these quantities; and he arrh-ed 
at the discon....ry of, all10ng other inequali1 ies, a 
retardation of Saturn's motion of about 3" 6'" 
yearly, and an acceleration in Jupiter's motion of 
about 1" 18'''. Another irregularity in Saturn's 
motion with respect to the \"ernal and autumnal 
equinox had heen obselTed by astronomers in the 
last century, and could not be explained. La- 
place found this, like all the rest, to follow fronl the 
Newtonian theory. In short, 'when sUlnming up 
the subjpct in one of his concluding books, he na- 
turally and just} y exclaims, "Tel a été le sort de 
cette brillante décou\'erte, que chaque difficulté 
qui s'est pleyée, est derenue pour elle un nouveau 


* }léc. Cél. Jiv. viii. ch. 1. 4. 
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sujet de trionlphe; ce qui est le vral caractère du 
vrai système de la nature."* 
There is no sensible disturbanee produced by 
any of the satellites, except the moon, upon the 
motion of their primaries, fron1 the extreme small- 
ness of their n1asses c0111pared with those of the 
sun anù of their prilnaries; for 
 r is equal to a 
rn rn i 1n iii 
series in which XI 
1 ' 
I ' &c. are factors of each 
term, t l1l, m', &c. being the nlasses of the sa- 
tellites, and 1\1 that of the planets, 
 ow, in the 
m 1 m ii rlZ iv 
case of Jupiter lVI = 57710 ' 
I and 1\1 are sonle- 
what greater" but the greatest of the four factors 
m iii I 
1\1 = 11302 only. But in the case of tho earth 
1 I 
this factor amounts to about 80 ' so that 
 rand 

 v become sensible; and will be so, even if, in- 


r.n rll 
stead of 1\1 ' we take the factor 1\1 + tn ' which is 
n1or{' correct.! 


* l\1éc. Cé1. Jiv. xv. ch. 1.-Sp;t. <<1u àlolHle" liv. v. cb. 3 
t I bid. liv. vi. ch. 4. 
: Ibid.liv. vi. ch. 10.30. 
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When Laplace began his celebrated investiga- 
tions of the orbits of Jupiter and Saturn> he found 
that on substit ting numerical values for the quan- 
tities in the expression of the mean mo\-ement of 
the one body as influenced by the action of the 
other, the sums destroyed one another, and left the 
whole effect of this disturbing force equal to no- 
thing" or the mean motion of neither planet. at all 
affected by the other. The formulæ could be in 
each case reduced to terms only involving two co- 
efficients, and these destroyed one another.* He 
soon found that the same principle applies to 
all the heavenly bodies; that their mean n1otions 
and n1ean distances (the great axes of their orbits) 
are not affected by any changes other than those 
\vhich occur within limited periods of time; that 
consequently the length of the solar year is pre- 
cisely the same at anyone period of time" as it was 
at a period so far distant as to enable the changes 
which are produced within those moderate limits 
to be effected. This important proposition he de- 
monstrated upon the supposition" that the squares 
of the masses, and the fourth powers of the eccen- 


.* Méc. Cél.liv. ii. ch. 7.; liv. xv. ch. 1.'1 
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tricities, and the angles of, the orbits, are neglected 
in the calculus. * But Lagrange afterwards showed, 
that the theoren1 holds true, even if these quanti- 
ties be taken into the account. The exan1Ïnation of 
the moon's motion denlonstrates the sanle in1portant 
fact, with respect to the permanency of the greater 
axes and mean motion of the planets; for if the solar 
day were now k of a second longer than it was in 
the age of Hipparchus, the n100n's secular equation 
would be augnlented abo\"e 42 per cent., or 'would be 
in that large proportion greater than it now is known 
to be. Therefore there has not even been the sn1allest 
change of the nleal1 nl0venlent of the planets. 
The other changes which take place in the orbits 
and motions of the heavenly bodies were found by 
these great geometricians to follow a law of periodi- 
city which secures the eternal stability of the 
systen1. The motion of the earth's orbit we have 
already seen is so slo", that its axis takes above 
109,000 years to perforn1 a complete revolution; 
but after that time it occupies precisely the same 
position in space as it did when this vast period of 
time began to run. So the eccentricity of the earth's 
orbit has been for ages slowly decreasing, and the 
111 Méc. Cél.i1iv. ii. ch. ï. and 8. (sects. 54 and 63.) 
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decrease will go on" or the orbit will apllroach 
nearer and nearer to a circle" until it reaches a 
limit which it Ilerer can pass. The eccentricity will 
then begin slowly to increase until it again reaches 
its greatest point, beyond which the orbit never can 
depart from the circular form. The same principle 
extends itself to all the planets. Thus the tim
 of 
the secular variation of Jupiter's eccentricity is 
70,400 years. All these deductions are the strict 
analytical consequences of the equations to the ec- 
centricity of the planetary orbits obtained by the 
investigation of the total effect of the mutual actions 
of the heavenly bodies. There results from that 
analysis this ren1arkable theorem" that if the 
eccentricities of the different planets be called 
e, e'" e"" &c., their masses 'In, m', m"" &c., and 
their transverse axes a, a'" a"" &c., and the in- 
tegration be made of the fluxional expression for 
the relation betweeu the fluxions of the eccentri- 
cities multiplied by the sines of the longitude, and the 
fluxions of the time, and the relations between the 
fluxions of the eccentricities multiplied by the cosines 
of the longitudes and the fluxions of the time" 
( d e sin. "Z'J d e cOS."Z'J de' sin.'lJ' dc' coSo 'liJ' ) 
d t "and d t ' d t" &c. " and d t 
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&c., we obtain the equation e 2 . fU. -::ta + e'i" 'In'. .J a' + 
e" 2, rn" 
a" , &c. == C*; C being a constant quan- 
tity. N ow, as all the nlotions are in the sanle direc- 
tion, 
 a, ,J a', &c., are allIJositi,-e. Hence, it fol- 
lows that each of the quantities e. fll. ,J a, e'. m'. ,Ja'" 
&c., is le
s than C; and sn ppose at any onc period 
the whole eccentricities P, e', r", &c", to be ,-ery small, 
which is known to be true, C, which at that IJeriod 
\vas the sun1 of the
r squares, must be very small, the 
other quantities fn, 'In', &c., being wholly constant" 
and J a, 
 a'" &c., being invariable in considerable 
periods of tin1e. Therefore" it is clear that the 
variation in anyone of those eecentricities as e, 
never can exceeà a very s111all quantity, namely, a 
quantity proportional to 
C- e' 2_ e"'/. , &c. The 
whole possible all10unt of the eccentricity is con- 
fined within very narro,v lin1Ïts. It never can for 
any body, whose eccentricity is e, exceed a quantit
 
equal to 

 C - eO . 1It' . Jd - e'l2 . m" . Ja!' - &c. 
.v m. ,r;;: 
'Therefore the eccentricities never can excped a very 
s111aU quantity. Thus the changes which are con.. 
# ..M
e. Cél. liv. ii. eh. 6, 7 (sects. 53, 55.57 58). 
T3 
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stantly taking place in the planetary orbits are con- 
fined 'within narrow limits; and the other changes 
\vhich are the consequences of this alteration of the 
orbits, as, for instance, the acceleration of the moon, 
which we before showed arose from the variation 
of the eccentricity of the earth's orbit, are equally 
confined within narrow limits. Those changes in 
the heavenly paths and motions oscillate" as it were, 
round a given medium point" from which they 
never depart on either hand, beyond a certain small 
distance: so that at the end of thousands of years 
the whole system in each separate case (each bo
y 
having its own secular periods) returns to the exact 
position in which it \vas when these vast successions 
of ages began to roll. For similar theorems are 
deduced with respect to other revolutions of the 
system, whose genera] destiny is slo\v and constant 
change" but according to fixed rules" regulated in 
its rate" confined in its quant.ity, limited within 
bounds" and maintaining during countlpss ages tbe 
stability of the whole universe by appointed and 
immutable laws. Laplace examined in the last 
place the possible effects upon the celestial motions 
of the resistance of a subtle ethereal medium" and 
of the transmission of gravity or attraction not 
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being instantaneou
, but accomplished in a small 
period of time. The result of his analysis led hinl 
to disbelieve in both these disturbing causes. He 
found that in order to produce its known effects, the 
transmission of gravity, if effected in tilne" nlust be 
seven n1Ïllions of times swifter than that of light" or 
147 thousand millions of miles in a second. * 
iii. The great systenl of most interesting truths 
which we have now been contenlplating is the work of 
those who diligently studied the doctrines unfolded 
by Sir Isaac Newton, respecting the motions of 
bodies which act upon each other, while they are 
moving around comnlon centres of attraction. He 
laid down the principles upon which the inves- 
tigations were to be conducted; he showed ho\v 
they must lead to a solution of the questions pro- 
posed, touching the operation of disturbing forces; 
and he exemplified the application of his methods 
by giving solutions of these questions in certain 
cases. Although his successors, treading in his 
steps, have reaped the great rewards of their learn- 
ing and industry, and are well entitled to all praise 
for the skill with which they both worked and im.. 
proved the machinery that he had put into their 


III l\1éc. Cél.liv. vii., ch. 6; liv. x. ch. 7. 



420 


PRINCIPIA. 


hands, at once improving the calculus in\gented by 
him" and felicitously applying it to advance and 
perfect his discoveries" the distance at which his 
.. 
fame leaves theirs is at least equal to that by which 
a Worcester and a WaU outstripped those who" in 
later times, have used theirmechanisnl as the Dleans 
of travelling on land and on water" in a way never 
foreseen by those great inventors. Strict justice 
requires that \ve should never lose sight of the 
truth repeatedly confessed by Euler" Clairaut, 
Delambre" Lagrange" Laplace" that all the ad- 
vances made by them in the use of analysis, and in 
iti; application to physical astronomy" are but the 
consequences of the Newtonian discoveries" so that 
we are guilty of no exaggeration, if ,ve regard the 
lllost brilliant achievements of these great men 
only as corollaries froln the propositions of their 
illustrious Dlaster. Let us briefly see how he laid 
the deep and solid fJundations of the fabric which 
we have been surveying. 
After exaluining the motions of a systen1 of two 
bodies 'with respect to one another" and their conI mOll 
centre of gravity, and in space" as those motions 
are affected by the mutual attractions of the two 
bodies themselves (in the manner which we hare 
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already described), Newton proceeds to the great 
problem of the three bodies, as it has been termed.) 
because the solution is so difficu1t, that generally 
the attenlpt has been confined to the case of these 
only, this also being sufficient for deternlining the 
more important disturbances of the moon's motions. 
The inquiry, however, is general in the Principia, 
and its subject is, the nlotion, produced by the 
mutual actions of the bodies in a system upon one 
another. Thus, for exanlple" the inquiry already 
analysed regards the effect produced upon their 
motion in space, by the nnItual attractions of the 
earth and Dloon; that to which we now are pro- 
ceeding regards their nlotion, as also influenced by 
the disturbing force of the sun, and indeed, even by 
the smaller but not evanescent forces of the other 
planets. So, as the former inquiry may be extended 
on the same principles to the motions of Jupiter 
and Saturn, and their satellites; this new inquiry 
applies also to the disturbances of their systems by 
ours" and of ours by them. 
Newton begin
 by showing that. if the attracting 
force increases, as the distance of the bodies from 
each other" any two, ßI and E" will re\.olve round 
their common centre of gravity G" in an ellipse 
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having G for its centre. This is plain frolll what 
\vas formerly proved when treating of the conic 
sections, and also 1110re lately respecting the centre 
of gravity. If, then, each of the::;e is attracted by a 
third body S, in the same manner this force, being 
resolved into two, one parallel to the line joining 
1\1 and E" the other parallel to the line joining E and 
G, the former force \vill only accelerate the motion 
of 1\1 and E round G by an addition to the nlutual 
attraction of 1\1 and E" the latter will dra-w the 
centre G towards S or towards G', the common 
centre of gravity of the three bodies" and combined 
with the action of 1\1 and E upon their centre G 
will make G revolve in an ellipse round G', the 
common centre of the three, round \vhich also, in 
like Dlanner, S will describe an ellipse" G' being 
the centre of those two ellipses. Thus the bodies 
M and E will describe an ellipse round the centre 
G, and the centre G and body S will describe 
ellipses round the centre G', both G and G' being 
the centres of these ellipses, and bO of any greater 
number of bodies.-1\10reover" the absolute amount 
of the attractive force in each centre will be a
 the 
distance of the centre from the bodies or centres of 
gravity severally, Inultiplied by the luasses of the 
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bodies. So that E and S are attracted to G by a 
force as (1\1 + E + S) multiplied by their respective 
distances from G.-Lastly, the tinles in which these 
ellipses are described by the bodies and the centres, 
are all equal by what was before proved respecting 
motion when the force varies as the distances. 
This law of the centripetal force is the only one 
which preserves the entire ellipticity of the orbits, 
notwithstanding any mutual disturbances; but it 
produces" at great distances, motions of enornlOUS 
,elocity. Thus we have seen that Saturn would 
nlove at the rate of 75,000 n1Îles in a second (or a 
third of the velocity of light itself), were there no 
disturbance from the other bodies; but the dis- 
turbance might gr
atly accelerate this rapid nlotion. 
If the law be the in\-erse square of the distance, 
there will be a departure from the elliptical fOrIn of 
the orbits and from the proportion of the areas to 
the t.in1es, indicating that the several resulting 
forces are not directeù towards the several centres. 
But this departure will be less considerable in pro- 
portion as the boùy in the centre of any systenl, or 
in the common centre of any nunlber of systems, is 
of a D1agnitude exceeding that of the re\-ol,-ing 
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bodies" or systems of bodies, because this will prevent 
the central body moving far from its place" or much 
out of a straight 1ine; and also the departure will 
be less in prop
rtion as the bodies" or systems, 
re,.olving are at a great distance fron} the centres or 
from the comnlon centre, because the diminution of 
this distance increases the inclination of the lines in 
which the disturbing forces act, and thus disturb 
the motions of the bodies among themselves. Again" 
if the law of the attraction varies frOlTI the inverse 
square of the distance in some, and not in others, 
the disturbing effect will be increased. So that 
we may infer the universality of the law and also 
the small all10unt of the disturbing force" and its 
acting in nearly parallel lines" if \ve find the ellip- 
ticity of the orbits not much deranged, and the 
l1roportions of the areas to the times not greatly 
interrupted. 
:K ewton proceeds to examine more D1inutely the 
disturbances caused in a systelu of three bodies, of 
which two smaller ones nlove round a third larger 
one, and all attract one another by forces inversely 
as the squares of the distances. Let S attract 1\1 
with a force inversely as the square of the distance; 
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D 


call the n1ean distancE' :::::: 1; the lnean force will be 
I 
1 2 = 1. Let the distance fronl S" successively taken 
by 
I in n10ving round E, or its true distance" be 
1 
S 1\1" thence the force at 1\1 is S 
12 ' Take S L = 
I 
S 1\1 2 ' and drawing L N parallel to 1\1 E, the forces 
at 1\1 are L :K and S N, or L N + 
I E anù S N. 
S L 
I E 
1\ ow L :K : 
I E : : S L : S 
I and L :K :::::: -S 1\1 - 

I E 
= S 1\1 3 ' Therefore the force acting ur on 1\1 towards 
1\1 E 
E is as 
I E + S 1\1 3 ' consequently it will increase 
the attraction of E, but it will not be in,'ersely as th 
Equare of the distance; and therefore 
I will not de- 
scribe an ellipse round E" and the force N S does 
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not tend towards E, nor does the force resulting from 
compounding LN,or ME,or L N + 1\1 E" withN S, 
tend to E. So that the areas will not be proportional 
to the tiules. Therefore, also" this deviation from the 
elliptical form and fronl the proportional description 
of the areas will be the greater" as the distances L N 
and N S are smaller. Again" let S attract E with 
I 
a force as S EI ; if this were equal to S N, it would, 
by combinin
 with S N" that is" with the attraction 
of S on M" produce no alteration in the relative 
n10tion of M and E. Therefore" that alteration is 
only caused by the difference between S Nand 
] 
S E
 ; wherefore the nearer S N is to the proportion 


I 
of S E2 ' that is (because of the prol)ortion of S L = 
S 
. ), the nearer S N is to unity, the mean 
force upon M, and the nearer the forces exerted by 
S on M and on E approach to equality" the less will 
the elliptical orbit be. disturbed" and the more nearly 
will the areas be described proportionally to the 
times. If the disturbing force of S acts in a plane 
different from that in which M and E are" M will 
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be deflected from the plane of its orbit" because the 
1 
force S N - S Est will not pass through E; conse- 
quently this deflection will be greater or less in pro- 
portion as this difference is greater or less" and will 
1 
be least when S E2 is nearly equal to the m
an force 
of S upon M. 
We have hitherto been supposing S the greater body 
round which 1\;1 and E revolve to be at rest while they 
revolve round each other (the case of the earth and 
of other planets having satellites.) Ifwe now suppose 
E the greater and central body, and that 1\1 and S 
both move round E (the case of the planets round 
the sun)" a similar proposition may be demonstrated 
with respect to the disturbances; and it is further 
clear in this case that if S moves round G, the centre 
of gravity of IVI and E, the orbit of S will be less 
drawn from the elliptical form, anù its radius vector 
will describe areas more nearly proportional to the 
times than if it moved round E. This appears 
clearly from observing that the direction of the cen- 
tripetal force towards G, that is S G, must be 
nearer Ethan M; that the attractive forces by which 
1 1 
S is drawn are as S 1.\151 - S E2 ; that their result- 
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iug force lies in the line S G; and also that S 1\1: 
varies" while S E remains the same" or nearly so. 
In all these cases the absolute attractive forces are 
as the masses of the attracting bodies; and if there 
are a nunlber of these" 1\" B, C" E, &c., of which 
1 I 
A attracts all the fest with forces as Dl d'i.' &c., 
(D" d" &c." bcing the distances from A,) anù B also 
1 I 
attracts .-\, C, E, &c." as Vo. ' ;;;." &c." the absolute 
attraction of A and B towards each other are as 
the masses .
 and B. Hence in a systern, as of a 
planet and its satpllites, if. the latter revolve in 
ellipses, or nearly so, and describe areas propor- 
tional" or nearly so, to the times, the forces are 
D1utually as the masses of the bodies; and con,.ersely 
if the forces are proportional to the masses, and 
eUi pses are described and areas as the tirnes" the 
nlutual attractions of all are inversely as the squares 
of the distances. 
It is proved" by reasoning of the same kind" that 
the disturbing force of S is greatest when :1\'1 is in 
the points C and D of the orbit (or the quadra- 
tu'res), and least when 
I is in A and B (or the 
line of conjunction and opposition called the 
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syzygies). 'Vhen 
I is nlo,.ing from C to A and 
from D to D, the disturbinO" force accelerates the 
o 
motion of 
I" which then moves along with the dig.. 
turbinO" force. 'Vhen 1'1 lnoves fl'Oln A to D, and 
o 
from B to C, its nlotion is retarded, because the 
disturbinO" force acts aaainst the direction of 
I's 
o 0 
motion. So 
I moves nlore swiftly in syzygies than 
in quadrature, and its orbit is less curved in quad- 
rature than in syzygies; but it will recede further 
fronl E in quadrature, unless the eccentricity of the 
orbit should be such as to counterbalance this reces- 
sion, for the operation of the combined forces is two- 
fold; it both makes the line of apsides moye forward 
in one point of the body's revolution and backward 
in another, but more forward than backward, and so 
upon the whole D)akes it ad\1ance sOll1ewhat each 
revolution (a
 we before saw); and it also increases 
the eccentricity of the orbit between quadrature and 
syzygy, and dhninishes that eccentricity between 
the syzygy and quadrature. So of the Inclination 
of the orbit, which is always diminished between 
quadrature and syzygies, and increased between 
syzygy and quadrature, and is at the n1Ïnimum 
when the nodes are in quaùrature and the body 
itself in syzygy. 
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We found before that the force L N was as 
ME 
S MS' 


The forces L Nand N E are directly as 


the mass S, and when S is very distant, the forces 
S 
L Nand N E vary as S E3 ' or inversel y as the 


squares of the periodic times; and if at a given 
distance the absolute disturbing force be as the 
magnitude of the disturbing body" whose diameter 
d 3 
is d" these forces are as S E3 ; or as the cube of the 
apparent diameter of S. Also if instead of one 
satellite, IVI" moving round E" we have several whose 
orbits are nearly of the same form or inclination 
(like the first three of Jupiter)" the mean motion of 
their apsides and nodes each revolution are directly 
as the squares of their periodic times, and inversely 
as the squares of the planet's time
 and the two 
motions (apsides and nodes) are to one another in 
a given ratio. 
We now have one of those extraordinary 
instances which abound In his writings, of Sir 
Isaac Newton's matchless power of generalization; 
of apprehending remote analogies, and thereby 
extending the scope of his discoveries. Having 
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shown how the disturbing forces of bodies In a 
systenl act upon their motions with respect to each 
other" he now examines the effect of such forces 
upon the constitution of the bodies themselves. 
He supposes, for example, that a number of masses 
of a fluid revolve round E at equal distances from 
it by the same laws of attraction by which 
I 
moves round E, and that these masses are thus 
fonned into a ring; then it follows that the por- 
tions of this ring will move quicker in syzygy than 
in quadrature" that is, quicker at A and B than at 
C and D; also, that the nodes of the ring, or the 
intersections of its plane with the plane S E" will 
be at rest in syzygy, and move quickest in quad- 
rature" and that the ring's axis will oscillate as it 
revolves, and its inclination will vary, returning to 
its first position, unless so far as the precession of 
the nodes carries it forward. Suppose now E to 
be a solid body with a hollow channel on its 
surface, and that E increased in diameter until it 
meets the ring, which now fills that channel" and 
suppose E to revolve round its own axis-the 
motion of the fluid, alternately accelerated and 
retarded (as we have shown), will differ from the 
equable rotatory motion of the solid on its axis" 
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being quicker than the globe's motion 1 syzygy 
and slower in quadrature. If S exerts no force, th 
fluid will not have any ebbs and flows" but nl0ye a 
round a centre that is at rest; but if the varying 
attraction of S operates" being greater when the 
distance is less, the disturbing force acting in fhe 
1 
direction S L, and being as S 
f2 ' will raise thp 
fluid in A and B, or in syzygy" and fronl thence to 
quadrature" C and D, while the force L N will 
ùepress it in quadrature" C and D, and frorn thence 
to syzygy" A and B. If we now suppose the ring 
to become solid, and the size of E to be again re- 
duced" the inclination of the ring will ".ary, anJ 
oscillate; and the precession of its nodes will con- 
tinue the same-and so would the globe" if, without 
any rinO' at all" it had an acclunulation of nlatter in 
"' 0 
the equator, or had matter of greater density there 
than elsewhere" and at the poles. 1 f, on the othet. 
hand" there is mort3 matter at the poles" or matter 
of a less dense kind at the equator" the nodes 'will 
advance instead of receding. So that by knowing 
the motion of the node5" we can estimate the con 
stitution of the globe; and a perfectly spherical and 
homogeneous globe will mo,-e equally" and with 
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a single 1110tion only round its aXIS. No other 
will. 
The Sixty-sixth Proposition: or rather its twenty- 
two corollaries" constitute l)erhaps the n105t extraor- 
dinary portion of the Principia. \Ve have seen that 
Sir Isaac K ewton here deduces most of the leading 
disturbances in the motions of three bodies" for 
exaulple" the moon" earth" and sun" fronl the pro- 
positions which had been before demonstrated. 
'Ve perceive in succession the 111otion of longitude 
and latitude; the yarious annual equations" nlotioll 
of the apsides (in which, however" by on1Îtting the 
consideration of the tangential force" he calculated 
the alnount. at one half its true yalue), the evection" * 
the alteration, and inclination; the nlotion of the 
nodes. E\-en the doctrine of the tides, and the l)re- 
ceSSIon of the equinoxes, are an handled clearly" 
I 
though concisely, in this l)roposition. 'The greater 
part of the 1'hird Book is occupied with the appli- 
cation of these corollaries to the actual case of the 
nloon" earth, and sun; and it is not any exaggera- 
tion to affirnl that the great il1,-estigations ,yhich 


* Laplace has erruneous;y stated that K ewton overlooked the 
Evcction; but it forms, though 110t by Dame, the su1Üect of the 
ninth corollar}' to this Sixty-sixth Proposition. 


VOL. II. 


u 
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have been undertaken since the time of Sir Isaac 
Newton" and of which ,ve have just been sUITeying 
the principal results" are an application of the im- 
proved calculus to continue the inquiries .which he 
thus here began. 
The propositions respecting the masses of the 
attractinO" bodies which we considered before the 
o 
corollaries to the Sixty-sixth Proposition (although 
they come later in the Principia), and the ]atter 
of those corollaries, naturally lead to the subject of 
the next two sections" the one upon the attraction 
of spherical bodies, the other upon that of bodies 
not spherical. 
i. The attraction exerted by spherical surfaces and 


by hollow spheres is first considered. If P be a 
particle situated any,vhere within A B DC" and we 
conceive two lines A D, B, C, infinitely near each 
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other drawn throuah P to the surface" and if these 
o 
lines revolve round a P b" which passes from the 
n1iddle points a and b" of the slnall arcs DC and A B" 
through P, there will two opposite cones be de- 
cribed; and the attraction of the slnall circles D C" 
A B upon P" will be in the lines fron1 each point of 
those circles to P" of \yhich lines C P, D P" are two 
fronl one circle" and A P, B P" two fronl the other 
circle. K ow thib attraction of t he circle CD is to that 
of the circle .L\. B, as the circle C D to the circle A B, 
or as C D2 to A B2 (the dianleters)" and by sin1Ïlar 
triangles C D2 ; A B2 :: P C2 : P A2. But by 
hypothesis, the attraction of C D is to that of A B 
as A p2 : P C2; therefore the attraction of D C is 
to the opposite attraction of A B as A p2 to P C2" 
and also as P C2 to A p2" or as A p2 X P C2 to 
._J\. p2 X P C 2 , and therefore those attractions are 
.equal; and being opposite they destroy one another. 
In like Inanner, any particle of the sphprical surface 
on one side of P, acting in the direction a P, 
is equal as well as opposite to the attraction of 
another particle acting on the opposite side" and 
so the whole action of e\-ery one particle is de- 
stroyed by the opposite action of some other 
l)article; and P is not at all attracted by any part 
u2 
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of the spherical surface; or the snm of all the 
attractions upon P is equal to nothing. So of a 
hollow sphere.; for every such sphere may be 
considered as cOlnposed of innunlerable concen- 
tric spherical surfaces" to each of which the 
foregoing reasoning applies; and consequently to 
their sunl. 
'Ye may here stop to obser\"e upon a remarkable 
inference \,
hich nlay be drawn from this theorem. 
Suppose that in the centre of any planet, as of the 
eart.h, there is a large vacant spherical spacp, or 
that the globe is a hollow sphere; if any particle or 
D1ass of mattcr is at any nlonlent of time in any 
point of this hollow sphere" it 111USt, as far as the 
globe is concerned, renulin for eYer at rest there" 
and suffer no attraction from the globe itself. 
rhen 
the force of any other heayenly body, as the moon, 
will attract it" and so will the force of the sun. 
Suppose these two uodies in opposition, it will be 
ùrawn to the side of the sun with a force equal to 
the difference of their attractions, and this force 
"will vary with the relative 11osition (configuration) 
of the three bodies; hut fr0111 the greater attraction 
of the sun, the particle, or body, will always be 
on the side of the hollow globe next to the sun. 
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Now the earth's attraction will exert no influence 
o".er the internal body, e\'Cll when in contact with 
the internal surface of the hollow sphere; fOf 
the theoretn which we have just den10nstrated is 
quite general, and applies to particles wherever 
situated within the sphere. Therefure, although the 
earth nloves round its axis, the body will always 
continue n1ûving so as to shift its place en:'ry 
instant and retain its position towards the sun. 
In like manner" if any quantity of n10\"able particles" 
thrown oft for example" by the rotatory motion of 
the earth, are in the hollow" they will not be 
attracted by the earth, hut only towards the sun" 
and will all accu111ulate towarù:; the side of the 
hollow sphere next the sun. So of any fluid, whether 
water or melted 111atter in t he hollow, provided it 
do not wholly fill u.p the space, the whole of it will 
be acculllulated towarùs the sun. Suppose it only 
enough to fill half the hollow 
pace; it will all be 
accumulated on one side, and that side the one next 
the sun; consequently the axis of rotation will be 
changed and will not pass throngh the centre" or 
even near it, and will constantly be altering its 
position. Hence we may be assured that there is 
no such hollow in the alobe filled with 111elted 
o 
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matter" or any hollow at all, inasmuch as there 
could no hollow e-xist ,yithout such accumulations, 
in consequence of particles of the internal spherical 
surface being constantly thro,vn off by the rotatory 
n10tion of the earth. 


p 


Aq 


s 


n 


If A H K be a spherical section (or great circle), 
P R K and P I L lines frolll the particle P, and 
infinitely near each other, S D" S E perpendiculars 
fron1 the centre" and I q perpendicular to the 
diametpr; then" by the sin1Îlar triangles P I R, 
P p D" we find that the curre surface bounded by 
I H, and formed by the revolution of I II K II L I 
round the dian1eter A B" and which is proportional 
I p2 
to I H X I q" is as P Il X P s ; and if the attrac- 
tion upon the particle P is as the surface directly, 
I 
and the square of the distance inversely, or P p
 ' that 


1 
attraction will he as p p X P S' 


But if the force 
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acting in the line P I is resolved into one acting in P S 
and another acting in S D" the force upon P will be as 
; i . or (because of the similar triangles P I Q, 
Pp 
P S p) as p S . The attraction, therefore" of the 
infinitely sn1all curvilinear surface formed by the 
. . Pp I 
revolutIon of I H IS as p p -X P 8 2 or as P S2 ; that 
is invprsely as the square of the distance fronl the 
centre of the sphere. And the same may be shown 
of the surface formed by the re,"olution of K L, 
and so of every part of the spherical surface. There- 
fore the whole attraction of the spherical surface 
will be in the same inverse duplicate ratio. 
In like manner, because the attraction of a homo- 
geneous sphere is the attraction of all its particles, 
and the mass of these is as the cube of the sphere's 
diameter D" if a particle be placed at a distance 
from it in any given ratio to the diameter, as 
m. D, and the attraction be inversely as the square 
of that distance" it will be directly as D3, and also as 
1 
m 2 Di ' and therefore will be in the sinlple proportion 
of D, the diameter. Hence if two similar solids 
are composed of equally dense n1atter" and haye 
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an attraction inversely as the square of the distance" 
their attraction on any particle sin1ilarly placed with 
respect to thenl will be as their diameters. Thus" 
- 
also, a particle placed within a hollow spheroid, or 
in a soliù, produced by the revolution of an ellipsis" 
will not be attracted at all by the portion of the solid 
between it and the surface, but will be attracted 
towards the centre by a force proportioned to its 
distance frOln that centre. 
It follows froìll these propositions, first, that any 
l;article placed within a sphere or spheroid" not 
being affected by the portion of the sphere or 
spheroid beyond it, and being attracted by the rest 
of the sphere, or spheroid in the ratio of the ùianleter, 
the centripetal force within the soliù is directly as the 
distance froin the centre ;-secondl!f, that a h01110- 
geneous sphere, being an infinite number of hollow 
spaces taken together, its attraction upon any particle 
placed without it is (
irectly as the sphere" and in- 
yersely as the square of the distance ;-thi.rdly, that 
spheres attract one another with forces proportional 
to their masses directly, and the sqnares of the dis- 
tances from their centres inversely ;-follTlltly, that 
the attraction is in e\.ery case as if the whole mass 
wereplacedin thpcentral point;-fifthly, that though 
the spheres be not homogeneous, yet if the density 
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of each varies so that it is the same at equal dis- 
tance
 froln the centre of each, the spheres will 
attract one another with forces inversely as the 
squares of the distances of 1heir centres. r-rhe law 
of attraction, howeyer, of the particles of the spheres 
beinO' chanO'ed from the inverse Ùu 1 ')licate ratio of 
o b 
the ùistë*llces to the silnple law of the distances 
directly, the attractions acting towards the centres 
will he as the distances, and whether the spheres 
are homogeneous or vary in density accorùing to 
any law connecting the force with the distance 
fronl the centre, the attraction on a particle without 
will be the same as if the whole nlass were placed 
in the centre; and the attraction upon a 11article 
within will be the sanle as if the whole of the body 
comprised within the spherical surface in which 
the particle is situated were collected in tIle centre. 
From these theorems it follows" that where bo- 
dies move round a sphere and on the outside of its 
surface, what was formerly denlonstrated of eccen- 
tric Dlotion in conic sections, the focus being the 
centre of forces, applies to this case of the attraction 
being in the whole particles of the sphere; and 
where the bodies move within the spherical surface, 
what was demonstrated of concentric motion In 
{t 3 
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those curves, or where the centre of the cun"e IS 
that of the attracting forces, applies to the case of 
the sphere's centre being that of attraction. For 
, 
in the former case the centripetal force decreases as 
the square of the distance increases; and in the 
latter case that force increases as the distance in- 
creases. Thus it is to be observed, that in the two 
cases of attraction decreasing inversely as the 
squares of the central distance (the case of gravi- 
tation beyonù the surfacp of bodies), and of attrac- 
tion increasing direct]y with the central distance 
(the case of gravitation within the surface)" 
the san1e law of attraction preyails with respect 
to the corpuscular action of the sphercs as 
regulates the mutual action of those spheres 
and their nlotions in revolution. But this identity 
of the law of attraction is confined to these two 


cases. 
I-J aving thus laid down the law of attraction for 
these l110re relllarkable cases" instead of going 
through others where the operation of attraction is 
far more complicated, Sir Isaac K e,vton gives a 
general mpthod for determining the attraction 
,vhatever be the proportions between the force and 
the distance. This method is marked by all the 
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geometrical elegance of the author's other solutions; 
and though it depends upon quadratures" it is not 
liable to the objections in practice which we before 
iound to lie against a similar method applied to the 
finding of orbits and forces; for the results are 
easily enough obtained" and in con,-enient forms. 
If A E B is the sphere whose attraction upon the 
point P it is required to determine" whate\"er be the 
proportion according to which that attraction varies 
with the distance, and only supposing equal particles 
of A E B to ha\-e equal attractive forces; then 
from any point E describe the circle E F, and an- 
other e f infinitely near, and draw E D, e d ordi- 
nates to the diameter A B. The sphere is com- 
posed of small concentric hollow spheres E e f F ; 
and its whole attraction is equal to the sum of their 
attractions. N ow that attraction of E e fF is pro- 
portional to its surface multiplied by F f, anù 
the angle D Er being equal to D P E (because 
P E l' is a right angle by the property of the cir- 
PExDd 
cle), therefore E l' = DE " and if 'we call 
P E, or P F === 1'" E D = y, and D F = x" D d ,,,in 
rdx 
be d x" and E r== y; and the ring generated by 
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the reyolution of r E is equal to l' E xED, or 
'/. E X y; therefore this ring is equal to '1" d x, or 
the attraction proportional to the whole ring E e 
. 
will be proportional to the sunl of all the rectangles 
P D X D d, or (a - .2') d x; that is, to the fluent 
2ft X - x 2 
of this quantity, or to 2 ; which by the 
y2 
property of the circle is equal to 2". Therefore 
tLe attraction of the solid E elF will be as yl X F f, 
if the force of a l)articlc F fOIl P be gi,"en; if not, it 
will be as y2 X F f X f that force. Xow d x : Fl' 


: : r: P S, and therefore F f = 


PS X d x 
, and the 


r 
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yi X P S x d x x f 
attraction of E e fF is as r . ; or 
taking f = 'J'n (as any power of the distance P E), 
t hen the attraction of E elF is as P S .1,n-1 y<J. d x. 
'fake D X (== it) equal to P S . 1. ft - 1 '!/', and let 
B D == z, and the curve B N A will be described" 
and the fluxional area N D d n ,\"ill be n d z = 
(by construction) P S . 1. n - 1 y' d:.c ; consequently 
'll d:: will be the attracti,"e force of the fluxional solid 
E e f F ; and f 'it d z will Le that. of the ,,,hole body 
or sphere A E B, therefore the area...\ N B= J 1l d z 
is equal to the whole attraction of the sphere. 
IIa,-ing reduced the solution to the quadrature of 
A X B, Sir Isaac X ewton proceeds to show how 
that area may be found. He confines hinl::ielf to 
geollletrical nlethods; and the solution, although 
extrenlely elegant, is not by any Ineans so short and 
cOlllpendious as 1 he algebraical process gives. Let 
us first then find the equation to the cun-e A X B 
by referring it to the rectangular coordinates D N, 
A D. Calling these y and x re
!,ectÌ\"ely, and 
nlaking P A == b, _\ S (the sphere's radius) = a 
and P 8" or a +b" for conciseness, = .{.. Then DEi 
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= 2 a x - Xi; P E == J (b + x ) 2 + 2 a x - X
 == 
Jb i + 2 (a + b) x == Jb 2 + fOX; and D N:::: y= 


(a + b) (2 a x - x 2 ) 
(by construction) 
 " the attrac- 
(b 2 + Ix) 
 


. 


tive force of the particles being supposed as the 
1 " 
- th power of the distance, or inyerselv as (b'i.+ fx)
. 
7t w.. 
This equation to the cur'"e nlakes it always of 
11 + 3 
the order . If then the force is inversel y as 

 


the distance, A X B is a conic hyperbola; if in- 
versely as the square, it is a cur,-e of the fifth order; 
and if directly as the distance" it is a logarithmetic; 
if in,-ersely as the cube, the curve is a conic hy- 
perbola. 
The area Dlay next be determined. For this pur- 

 .f(2 a x - x 2 ) d &7: 
pose we have J y d x = J 2 (b2 + f x) n
: . 


Let 2 (a f + b i) = /z" this fluent will be found to 
be 1 0 X 
 X (hi +fX) 3-;71 _
 
--1 ( a + b)... 3 - n I - 1l, 
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5 n 

 ( li
 + f X ) -;;- 
X (2 a + bY. (b 2 + fx) i _ - 
5 - n 
1 ( b5- 
+ C; and the constant C is X 
4 (a + b)2 5 - 11- 
+ (2 a + b)2 /;3- _ h b3-n ) . 'ro find the at- 
l-n 3-n - 
traction of the whole sphere" when x == 2 a, we 
I 1 ( It ( b) 3-n b
 
lave X - 2 a + - 
4(a+bY. 3-n I-n 
1 n (2 a + b) 5-n l}-n bB--n 
x(2a + b)- - ___+_+_ 
5-n 5-n I-n 
h b 3 - n ) 
X (2 a + b)"- - for the whole area A N B" 
3-'n 
or the whole attraction. This in en:\ry case gi\
es 
an easy and a finite expression, excepting the three 
cases of n == 1; n == 3, and n == 5, in which cases 
it is to be found by logarithms, or by hyperbolic 
areas" If P is at the surface, or A P == b = 0" and 
n == 2, then the expression becon1es as a" that is" 
as the distance fronl the centre directly. 'Ve may 
also percei,-e from the form of the expression" that 
if n is any number greater than 3, so that n _ 3 = 
- 'in" the ternlS b s - n beconle inverted" and b is 111 
their denominator thus: ( 2 rl + b )2 I-Ience, if 
( I - n) b m 
A P :=: b = 0" or the particle is in contact with 
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the sphere" the expression in,.oh.es an infinite quan- 
tity" and becolnes infinite. The construction of Sir 
Isaac N en-ton by hyperbolic areas leaùs to the same 
result for the case of n = 3, being one of those 
three where the above formula fails. At the origin 
of the ab:'5cissæ we obtain, by that construction, 
an infinite area; and this law of attraction" where 
the force decreases in any higher ratio than the 
square of the distance" is applicable to the contact 
of all bodies of whatever fornI, the addition of any 
other matter to the spherical boùies having nlaui- 
festly no effect in lessening- the attraction. 
By similar nlethods ,ye find the attraction of any 
port ion or segment of a sphere upon a particle 
placeù in the centre, or upon a particle lllaced in 
any other part of the axis. Thus in the case of the 
particle being in the centre S" and the particles of 
the segment R B G attracting ,,'ith forces as the .!. 
11, 
l)ower of the distance S 0 or S I" the curve _
 S B 
will by its area express the attraction of the spherical 
I 0 2 ( x_a ) 2-c 2 
seO'ment if D N or y be taken = - == 

 ' SD (x-a)II' 
S 0 being put = c" and A D = x" antI .A S = a, 
as before; J y d x may be found as before by 
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. t t . (x-a)! cl x-c" d x 
me
amg . 
(x - a )n 
(x - ay
n c 2 (x - ay-n + 
3-n l-n 


The fl uent IS 


C; and C = 


2 c 3 - n 


; and the whole attraction of the 
n' - 4 n + 3 
segment upon the IJarticle at the rentre S is equal to 


a 3 - n c 2 ai-n () c 3 - n 
- + ... . Thusifn:=2 
3 - n 1 - n u.'r. - 4 'It + 3 
the attraction is as (a - c )2 , or as 0 Bi directh r " 
a W 


and as S B in,"crsely; and if c == 0, or the attraction 
is taken at the centre, it is equal to a; and if the 
attraction is as the distance, or n 
 1, then the 
attracti,"e force of the segment is 2- (a 2 - c 2 Y'. 
4 
ii" Our author rroceeds now to the attractions of 
bodies not spherical; an inquiry not perhaps, in its 
greater generality, of so n1uch interest in the science 
of Physical AstrononlY, where the n1asses which fornl 
the subjects of consideration are either spherical, or 
Yery nearly 
pherical, to which our exan1ination has 
hitherto been confined. B'-!t this concluding part, 
nevertheless, contains SOlne highly in1portant truths 
available in astronomical science, because it leads" 
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among other things, t.o detern1ining the attraction of 
spheroids, the true figures of the planets. 
The attractio IS of two similar bodies upon two 
similar particles similarly sit.uated with respect to 
thenl, if those attractions are as the sanle po\ver of 
the distances -.!." are to one another as the l11asses 
n 
directl y" anù the nth power of the distances in- 
yersely" or the nth power of the homologous sides 
of the bodies; and because the masses are as the 
cubes of these siùes, Saud s, the attractions are as 
Sa. sn : ll. 8 ft " or as sn-3 : 8 n -3. Therefore if n == 1, 
the attraction is as Sil : .s.2; if the proportion is that 
of the inverse square of the distance, the attraction 
is as S : s; if that of the cube, the attraction is as 
1 : 1" or equal; if as the biquadrate, the attraction 
is as s : S; and so on: and thus the law of the 
attractive force nlay be ascertained fronl finding the 
action of boùies upon particles similarly placed. 
Let us now consider the attraction of any body, 
of what fornl sopver, attracting with force propor- 
tioned to the distance towards a particle situated 
beyond it. Any two of its particles 
.\ B attract P, 
with forces as A X A P and B X B P" and if G is 
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their con1mon centre of gravity, their joint attraction 
is as (A+ B) X G P, because B P" being resolvpd 
into B G and G P, and A P into A P and G P, 


p 


and (by the property of the centre of gravity) 
G P X A = A P X G, therefore the forces in the 
Ene A P destroy each other, and there remain only 
P G X Band P G X A to draw P, that is (A + B) 
X P G; and the same may be shown of any other 
particles C and the centrp G' of gravity, of A, C, 
and B" the attraction of the three being (A + B + C) 
X G' P. Therefore the whole body" whatever be 
its forn1, 
ttracts P in the line P S; S being the 
body's centre of gravity, and with a force propor- 
tional to the 'whole n1ass of the body n1ultiplied by 
the distance P S. But as the mutual attractions of 
spherical bodies, the attraction of whose particles is 
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as their distance from one another, are as the dis- 
tances between the centres of those bodies, the 
attraction of the whole body ABC is the same 
,vith that of a sphere of equal mass whose centre is 
in S" the body's centre of gravity. In like 111anner 
it may be demonstrated that the attraction of several 
bodies A" B, C, towards any particle P, is directed 
to their common centre of gra\?ity S, and is equal 
to that of a sphere placed there, and of a mass equal 
to the sum of the whole bodies A" ß" C; and the 
attracted body will reyolve in an ellipse with a force 
directed towanh its centre as if all the attracting 
bodies were formed into one globe and placed in 
that centre. 
Butifwe would find the attraction of bodies whose 
particles act according to any power n of the dis- 
tance, we must, to si1l1plify the question, suppose 
these to be sYlll111etrical, that is, formed by the revo- 
lution of some plane upon its axis. Let A 
1 C I-1 G 
be the solid, ]\1 G the diameter of its extreme circle 
of revolution next to the particle P; draw P j\I and 
P Tn to any part of the circle" and infinitely near 
each other, and take P D == P :1\1, and P 0 == P nz ; 
D cl will be equal to 0 1\1 (d 11, being infinitely near 
D N), and the ring formed by the revolution of 
1 m 
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rounù A. B will be as the rectangle 

 
1 X 
I Tn, 
or (because of the triangles A P 1\1, 1ìl 0 1\1, being 


c 


F
 


. " 


In 


D d b 


1:' 


A 


ß 


I 
T 
II 
R 
:r-\' 


similar, anel D Û==o 1\1) P l\Ix DcZ., or PDx Dd. 
Let D N be taken = y == force with which any 
pardcle attracts at the distance P D = P 1\1 = x, 
that is as x Tl ; and if A P == b" the force of any 
particle of the ring is as by , and the attraction of 
x 


the ring, described by 1\1 1n, is as ':..}{ X D d X P D" 
x 
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or as b y d x, and the whole attraction of the circle 
,vhose raclius is A 1\1, being the SUlll of all the rings, 
,viII be as b f Y x, or the area of the curve L N I, 
1vhich is found by substituting for y its value in x, that 
is x n . This fluent or area is therefore = b f x n d x 
b xn+l _ b n + 2 
= _ + C; and C ::: . Also, n1aking 
u+l "+2 
P b == P E in order to have the whole area of 
L N I, which measures the attraction of the whole 
circle \vhose raùius is F A, we haye (x being == 
b c n + 1 b n + 2 
P b = c) _ - - for that attraction. Then 
11+1 n+2 
taking D l\'" 1 in the same proportion to the circle 
D E in which D N is to the circle A F" or as equal 
10 the attraction of the circle D E, we have the 
curve R NT, whose area is equal to the attraction 
of the solid L H C I? 
To find an equation to this curve" then, and froIll 
thence to obtain its area, we 111ust kno\v the law by 
"which D E increases, that is, the proportion of D E 
to A D" in other words, the figure of the section 
A FEe B, \vhose revolution generates the solid. 
Thus if the given solid be a spheroid, we find that 
its attraction for P is to that of a sphere whose dia- 
meter is equal to the spheroid's shorter axis) as 
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a.A.i_D. L to a 3 ,.
 and a bein g the two sen1Í.. 
d i + A 2 - a 2 3 d:!. 
axes of the ellipsoid, d the distance of the particle 
attracted, and L a constant conic area which nla y 
be found in each case; the force of attraction being 
supposed inversely as the squares of the distances. 
But if the particle is within the spheroid, the attrac- 
tion is as the distance frolD the centre" according to 
,v hat we have already se<,n. 
Laplace's general forruula for the attra
tion of 
a spherical surface, or layer, on a particle situated 


(as any particle must be) in its aXIS" 15 


27tud1l 
r 


J f d f X J d f F, in which f is the distance of the 
particle fronl. the point where the ring cuts the 
sphere, '/. its distance from the centre of the sphere, 
or the distance of the ring from that centre" d 'it con.. 
sequently the thickness of the ring, 7t the senu- 
circle whose radius is unity, and F the func- 
tion of f representing the attracting force. The 
whole attraction of the sphere" therefore, is the 
integral taken from f == 'J' - 1l to f = r + ll" and 
2 7t. 1t d 1t 
the expression becon1es 
-:-- + f f d f X 
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xf df F with (r + u)-(r - 1.l), substituted for.!: 
'v hen f results fronl this integration. 'fhen let F = 
1 
fO'1.' or the attraction be that of gra,"itation; the 
2 W . u dzt J J df 
expression becomes 'I' .f" d f X j.
 = 
27t.lIdu' r 1 271.11 flu 
r X . 
 X - .f = r X - 
(r + u )-( r - 11) _ 2 71 1t d 'it 
2 r X - Zl = - 2 71 u9. 


1 
dux -. and the co-efficient of. d 1', takin2" the 
'I' , <..1 
2 7tU 2 d 11 
fluxion with r as the variable, is + r'"l. ; con- 
sequently the attraction is inversely as the square of 
the distance of the particle fron1 the centre of the 
sphere" and is the sanle as if the whole sphere 
were in the centre. * 
The First Book of the Principia concludes with 
SOlne propositions respecting the nlotion of infi- 
nitely small bodies through media, which attract 
or repel thenl in their course, that is to say., of the 
rays of light, which" according to the X ewtonian 
doctrine, are supposed to be bodies of this kind" 


. - l\I
c. CH. Ii". ii. ch. 2. The expression is here developed; 
but it coincid
s with the :lnalysis in 
 11. 
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hard and elastic, and nloving with such rapidity as 
to p8SS through the distance of the sun fronl the 
earth, or 93 nlÍllions of nlÍles, ,in seven or eight 
l11Ínutes, that is, with a \-elocity of abo\.e :lll,OOO 
n1Ïles in a second. Sir Isaac N e\vton shows that, 
if the nlediuul through which they pass attracts or 
repels them from the peJ'pendicular unifornlly, 
they describe a parabola, according to Galileo's law 
of projectiles; but if the attraction or repulsion be 
not equable, another curve will be described; yet, 
that in eith
r case the sine of the angle of inci- 
dence (or that nlade with the plane where they 
enter the nlediunl), is to the sine of the angle of 
refraction (or that nlade with the l)lane they elnerge 
f1'onl) ill a gi\-en ratio; that the velocities before in- 
cidence and after enlerging are in\-erscly as the 

ines of incidence anù refraction; and that if the 
yelocity after incidence is retarded, and the line of 
incidence inclined more towards the plane of the re- 
fracting Inedinm, the small bodies will be reflected 
hack at an angle equal to that of incidence. 
He then relllarks on the inflexion and de flexion 
which light sÚffers in passing, not through, but by 
or near bodies" as discoyered by Grin1aldi, * and as 


* Grimaldi termeti it di.f!1 o action. 


YOLo II. 


x 
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confirmed by his o'\vn experiments. I-Ie shows that 
the rays are bent Inost probably in curvo lines, the 
nearest rays towards the bending body, the furthest 
rays away frotn it; and he infers that, in refraction 
and reflexion, a. similal: curvilinear bending takes 
place s0111cwhat before the actual point. of refraction 
and reflexion. I-Ie further Dlentions the colours 
formed by flexion, as three coloured fr}nges or 
bands, a tres colorunl fascias." I, however, long ago 
showed (Phil. Trans. ] 79ï" Part I I.) that this i
 
not the real fact; having founù that a nluch 
greater nunlber of these fringes are fonned by 
flexion, anù that they are, like the prislnatic spee- 
trunl, in1ages of the lun1Ïnous body. This expe- 
riment has been repeated by Sir David Brewster 
and others; nor can any doubt be entertained 
that there are inllun1erable fringes decreasing ill 
breadth, and in the brpadth of the dark internlh 
between thenl, until they become e,,"anescent. But 
as if it ,vere the fate of an this great man's di
- 
co,.eries, that nothing should ever be added to 
them but by the use of means which he had 
hinlself furnished, it was only by applying a forn1 
of experin1ent which Sir Isaac Newton had used 
111 examining the colours of thick and thin plate
, 
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that this important fact was ascertained, he not 
haring subjected the pheno1l1enon fi1':3t observed by 
Grilnaldi to that mode of investigatioll.* 
'rhe Fourteenth Section concludes with an 
elegant solution of a local problem in De::icartes.s 
Geolnetry, for finding that fornl of refracting 
glasses which will Blake the rays convel'ge to a 
glyell focus, a probleul, the den10nstration of 
which Descartes had not gi\"ell. The brilliant 
discoveries n1acl
 Ly Sir Isaac X ewton upon the 
refrangibility and colours of light, not beronging to 
dynanlics, he pursues the subject no further in this 
l)lace, having rpserved the history of those inquiries 
for his other great work, the Optics,t perhap3 
the only lTIOnUl1lent of hUlnan genius that luerits 
a place by the side of the Principia. 


"':= The Unùulatory Theory of light, towards which philosophers 
ha\'e of late years appeared to lean, is no exception to this re- 
mark; fur the principles of that Theory may be found in the 
Eighth Section of the Secùnd Book of the Principia, amI the 
Scho\ium which concludes that Section seems to anticip.de the 
application of it.; rrinciples to Optical Science. 
t An abstract of these discoveries had been givcn in the Lec- 
tiOlll'S Ollticæ at Cambridge seventeen years before the pub1ic a- 
tion of the Principia in IG8i. The Optics only appeare 1 in 
1 ïÙ-l. 


X '> 

 .... 
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rrhe truths which we have been conten1plating 
respecting the attractions of bodies are fruitful in 
in1portant consequences respecting the constitution 
of tile uuÏ\-erse. 'Ye ha,.e seen that the law of 
attraction which Inakes it decrease as the squares 
of the distances increase, and the law which make
 
it increase as the distances increase, are the only 
la\ys which preser,-e the proportions between the 
force and the distance, the san1e for the attraction 
of the particles of bodies, and for the attraction of 
the 111aSSeS in which those particles 111ay be di
- 
tributed-the only laws \vhich nlake the attraction 
of bodies the saIne with that of t heir n1a
s placed 
in the centre of gravity. K ow these two Jaws 
regulate the actions of bodies gravitating towards 
each other, the one being the law of gravitation 
beyond the surface of attracting boùies" the othel". 
the la\v of gravitation between the surface and 
the centre. Thus, then" there is every reason 
to belieye that this la\v pen-aùes the material 
world uni,-ersally, acting in precisely the saIne 
manner at the sn1alle'3t and at the greatest dis- 
tances, alike regulating the action of the SlTIallest 
particles of n1atter, and the 111ightiest nlasses 
in which it exists. This action, too, is erer
'where 
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111utual; it. is always in direct proportion to the 
masses of the attracted and attracting Lodies at 
equal distances; where the nlasseS are equal, 
it is iu,.ersel y as the squares of the distances 
beyond the bodies, and within the bodies" as the 
di5tances from the centre; and where the n1asses 
and distances vary, it is as the ll1as::;es divided by 
the squares of the distances in the one case, and 
as the masses lllultiplied by the distances in the 
ot her. This law then pervades and gO\-erllS the 
,y hole systeln. 
The disco\-erics which astrononlers have lllade 
since the death of Newton, upon the nlore renlote 
parts of the unÏ\-erse, by the help of impro\"elnents 
in optical instrUl1lents, hare further illustrated the 
general prevalence of the law of gravitation. The 
double fixed stars, luauy of which had long been 
known to astrononlers, and which were believed to 
retain at all tilTIeS their relati\-e positions, ha\.e now 
been found to \"ary in their distances fr0111 each 
ot her, and to 1110\-e with a \-clocity 
onletinles acce- 
It'rated" sOlnetin1es retarded, but apparently round 
one another, or rathEr round their common centres 
of gra\-ity. ...\ course of obsen.ations continued rOle 
aùove twenty years led IIerschel to this inlportaut 
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conclu
ion about the 
'ear 1803; his son has greatly 
added to our knowledge of th
se n1otions; and 
Professor Stru\"
 of Dorpat, applying geonletrical 
reasoning to the subject, calculated the orbits in 
wh
ch SOlne of the Lodies alJl)ear to lllove. One of 
the n10st relllarkable is the star 7 \Tirginis, on which 
Cassini had 111ade obserrations in 1720.* It. bas 
no\\r been found that one of the stars of which it is 
COlllposed is s111aller than the other; that the 
rerohing 1110tions of the two during the hrst 2:> 
years had a lllean annual yelocity of 31' :23" ; during 
the next 21 years, of 29' 17 " ; durin g the next 1 ï 
)'ears, of only 2' 42"; and during the last two 
years (1822" 23) of no less than 52' 51 ". '1'l1e 
elder Herschel calculated the tilne of their whole 
revolution, the periodic tinles of those distant sun
, 
at 708 years; it is now Slil)posed not to exceed 
G29. Another pair of stars are found to revolre 
ronnd one another in bet ween 43 and 44 year
, 
while a third pair take 12 centuries to accornplish 
their revolution. t Although our observations are 
far too scanty to lay as yet the ground of a sys- 
ten1atic theory of these n1ot.ions" they appr-ar to 


* l\lém. Acaù. ùes Sciences, 1720. 
t Phil. Trans. 1803, p. 339; ib. 132-1, Part III. 
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warrant us III assun1ÏuO' that the law of attraction 
o 
which governs our solar systen1 extends to those 
remote regions, and as their snns revolve round one 
another" each probably ca1T)"ing about with it 
planets that form separate systen1S" we shall pro- 
bably one day find that equal areas are there a;::, 
here described in equal times, and that the orbit;; 
are elliptical; or, which would con1e to the san1e 
thing, that the sesquiplicate proportion of the 
l)eriodic tinles and n1ean distances i
 obserYed;
 from 
whence the conclusion would of nece5sity follow, 
that the centripetal force followed the rule of the 
inrerse square of the distance, and that gravita- 
tion such as we know it in our part of the uni\-erse, 
ìikewise lweyails in these barely yisible region
. 
1'hus additional confirmation accrues to the first 

reat deduction drawn fronl the theorenls respecting 
attraction in the Principia. 
Rut other interesting corollaries are also to be 
deduced from these propositions. They enable us 
to ascertain, for exan1ple, the attracl
0ns, the nlasses, 


* It may even seem that already the ohserved axes of those re- 
mote ùrbits, wllt:n compared with their lwriodi<; tinws, approach 
the sesqui:plicate ratio. Thus one has its axis 7".9, and time 5 
years; and another its aJ\.is 30'" 8, and time 4:>2 years. 
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and the figures of the hea,-ellly bodies. Sir Isaac 
K ewton boldly and happily applied thenl to ùeter- 
Inine these inlportant. particulars, apparently 
o 
far removed beyond the reach of the hurnan 
faculties. 
I. The ,,-eights of bodies at the surface of the 
different planets ,,-ere thus easily detern1ineù. The 
law by which the attractin
 force of spherical 
bodies decreases as the square of the distance 
increases, whether those bodies be hOl11ogelleous or 
not" provided their den8ities vary in the saIne pro- 
})ortion" and the other law regulating the proportion 
bet ween the periodic tinles and the distances of the 
l)lanets" enabled hinl to conlpute the attraction of 
each planet" for equal bodies at gi,-en distances fronl 
their centres, by c0111parillg the ohsclTed distances 
and periodic tinles of each; and hp was thus also 
enabled, by knowing their dian1eters, to ascertain 
t he weights of bodies at their surfaces. I-Ie fuund 
in this manner" that the sanle body which at the 
surface of the Earth weighs 435 pounds, at that of 
the Sun weighs 10,000, at that of Jupiter 943, and 
at that of Saturn 549. 
2. So too the nlasses of nlatter in each planet 
anù in the satellites Inay be ascertained. The 
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1l10tions of the satellites of Jupiter and Saturn 
aftòrd the easiest nleans of ùetern1Ïlling the masses 
of those planets; and the nlotiol1S or t be other 
vlanets round the Sun enable us to solve the pro- 
blenl, though not so accurately, as to then1. The 
nlass of Jupiter conlpared with that of the Earth 
Inay be eaiÛly supposed to 1e prodigious, when we 
find all hi
 satellites re\-oh?e round him so much 
nlorc rapidly than the 1\100n does round the Earth" 
although all of theln but one have nluch larger 
orbits. Thu
 the second satellite re,'olves in a 
seventh part of our lunar I1l0nth" though its path is 
half as long again: and h
nce, its velocity i5 
between 10 and I L tinle5 as great. Sir Isaac 
:\ ewton ascertained the Inasses of Jupiter, Saturn, 
and the Earth to be to that _of the Sun as {o
j, 
.i 


I' 


1 
1692
2 ' to I respectively. In like nlanner the 


aO:!l' 


densities are found" being as the weights (first 
found) divided by the axes. Thus he detern1Ìn p d 
the relatire densities of Jupiter, Saturn" and the 
Earth to be as <J4!, 67, and 400" to 100, the density 
of the Sun. Laplace has ascertained the masses of 
1 he heavenly hodies by an entirely ditferent car.. 
culus, founùed upon the cOlllparison of nnnlerous 
x3 
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obsen ations with the fonuulæ for detennillinO' the 
o 


disturbances. The result is extreluely remarkable 
in one particular. It agrees to a fractiou, as n
gards 
Jupiter, with the calculation of Newton, nlaking the 
I 
BIas::; of the planet 10G7 ' But the obsen-ations of 
Pound respecting Saturn'5 axi5, on which l\ ewtoll 
had estinlatecl Saturn
s nlass, "ere subject to con- 
siderable uncertainty; so at least Laplace explains 
the difference. of his own results; but he adnlits* that 
eren in his day there IJreyailed considerable uncer- 
tainty respecting this planet's mass, while thatof J B- 
piter) heing well ascertained, agrees perfect] y with Sir 
Isaac X ewton's deduction. Laplace gives the nla
scs 
of the four great planets thus" that of the SUll be
l1g 
. V I 1\1 J . I 
unlÍy: enus - . .l aI'S . Jupite '" . 
., 3;)6632 ' 25<-16320 ' 1 1067. ü!) , 
differing by III only fronl N ewton's, who indeed did 
not insert decinlals at a
l); and Satt;rn 353:'V8 .i- 1"'he 
1\loon's nlass he nlakes 68 1 '5 ' that of the Earth being 
unity" while the greatest of J UIJitl'l.'::, satf'llites is 
only 0,0000884972, Jupiter being unIty. 'rhis 


* l\léc. Cél. lÏ\-. vii. ch. 16, s" 4-1. 
t 1\léc. Cél. liv. x. ch. 8,9; correcting live vi. ch. G. 
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great geon1etrician's obsen-ations upon Saturn's 
ring arc l)ecl1liarly worthy of attention. The ex. 
trellle 1ightnes
 of the Inatter of which the planet 
conç;;ists, has already been shown; it is six tinles 
lighter than the Inean density of the Earth; or, if 
the mean specific grayity of the latter be taken as 
5,* that of water being as 1, the Inatter of which 
Saturn is con1posetl U1Ust be only 3! tin1es heavier 
than cork, and lighter than India rubber. But 
LaplacE' has satisfactorily shown that his rings must 
be con1posed of a fluid, and that no other conç;;truc- 
tion can account for their pern1anence. t 
3. Sir Isaac Newton, lastly, by the principle:; 
which we ha,-e been eXplaining in the latter part of 
our Analysis, inrestigated the figures of the hea,-enly 
-bodies. Thus he especiaHy exan1ined that of the 
Earth. This I)lanét, in reyoh-ing round its axis, 
gi,"es those particles the greatest tendency to fly 
off which nl0\-e with the greatest. velocity, t.hat is, 
those which are furthest from their centres of rota- 
tion; in other words", those ,,"hidl are nearest the 
equator; while those near the poles, describing much 
sn1aller circles, nlove nluch slower and ha\"e far less 
tendency to fly off. lIenee there is an accunlula 


* The mt.'an of Maskel)'ne antI Cavendish's experiments. 
t l\Iéc. CH. liv. iii. ch. 6. 
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tion of 11lafter towards the equator, which is rai::,ed" 
while the I)oles are depressed and flatteneù" and the 
equatorial axis is longer than the lJolar. By conl- 
paring the space through which hea\-y bodies fall 
in a second in our latitudes with the centrifugal 
force at the equator, he found that the gra\-ity 
of bodies therc is dinlÏnishcd i
9 at least, or that 
1 
the equatorial axis is, at least i89 longer than the 
}1olar. But he considered this estiluate as belo\v 
the truth, because it does not make allowance for 
the effect !Jroùuce.d on gravitation by the increa::;e 
of the distance at the eqnator fro III the centre. 
.Accordingly, by a skilful application of the nlethod 
of fal
e position, he corrected this calculation" aud 
ultinlately brought out the Iwoportion to be that of 
229 to 230, nlakillg the equatorial axis about 34!- 
n1Íles longer than the polar" the whole axis being 
about 78iO 111Íles. lIe also estiluated the two axes 
of Jupiter to be as I 1 à to IO-å, supposing the density 
of the body to be the san1e throughout; but if it is 
greater towards the equator, our author obserred 
that the ùiftèrencp between the axes nlight be de- 
creased as lo\\' as 13 to 12" or eyen 14 to 13; which 
acrreed well cnouah with Cassini's ol>ser,-ations in 
b 0 
those days, and still nlore nearly with Pound's. But 
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nlore accurate ob
er\"ation has since shown that the 
difference is considerably less, the disproportion 
heil1g not luore than that of 10'j 4 to 1000; so that 
the planet must be very far from hOll10geneolls and 
its equatorial density greatly excecd its polar. 
'rhus, too, accurate llleasurements of a degree of 
latitulle in the equatorial and p8lar regions, and 
experinlcuts on the force of gra,-ity, as tested by the 
lcngt h of the })('nùulunl vibrating seconds in those 
different IJarts of the globe, have led to a sin1Ïlar 
inference respecting the earth, its axis being now 
a
certained to bear the relation, not of 230 to :22<<3" 
as 
 en-ton at last concluded, nor eYell that of 2Sg 
to 288, according to his first approxinlation, but only 
t hat of 336 to 335,* heing an excess of little 11101'e 
than :23ì Illiles. 'fhe calculation of K ewton was 
fOrllled OIl the supposition of the Earth being h01110- 
gCl1eous; and it is ,,"orthy of renlark, that although 
the later obselTations, by pro,-ing the flattening 
at the poles to be less than he, on this hypothesis, 
a s
igncd it, have shown the Earth not to be hOll10- 
geneous, no correction or inl}WOVelnent whatever 
has been nlade on his theory in this respect. "\Ve 
find Larlace, on the contrary, in the yery passage 


.;: }Iéc. Cél. liVe iii. chI 5. 
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to ,vhich \ve are now referring, assun1ing his precise 
fraction 2
O as the one gi,.en by the theory upon the 
, 
supposition of the globe being hon10geneous, and 
reasoning upon that fraction. * 
N ow it is fit that we here pause to contel11plate 
perhaps the 1110st wonderful thing in the whole of 
the N e,vtonian discoveries" 1'he subject of curri- 
linear n10tion, or nlotion produced by centripetal 
forces, was certainly in a great measure new, and Sir 
Isaac Newton's treatnlent of it was in the highest de- 
gree original and successful. But the laws of attrac- 
tion" the principles which go'"ern the n1utual actions 
of the planets" and generally of the 11lasses of Inatter, 
on each other" ,vas still lllore eminently a field not. 
lllcrely unexplored, but the \'ery existence of lrhich 
,,-as unknown. Not only did he first discoypl' this 
field, not only did he invent the calculus by lueans 
of which alone it coull be explored, and \yithout 
,yhich hardly a step could be Inade across any 
IJortion of it (for the utmost resources of geOl1le- 
t rical skill in the hands of the Silnsons and the 
Stewarts themselves, who in other inquiries had 
performed such wonders by ancient analysis, would 


* l\!éc. Cél. liVe iii. ch. 5, s. 41. 
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ha,.e failed to do anything here), but the great 
discoverer actually c0111pleted the 1110st difficult 
in,-estiga1 ion of this new region, and reached to 
its 11105t inaccessible heiahts" with a clearllt:ss so 
o 
absolute, and a certainty so unerring, that all the 
subsequent researches of his followers, anlI all their 
,-ast ilnproven1ents on his calculus, ha,-e not enabled 
t he 111 to correct by the fraction of a cipher his 
fir..st results. The 
inetieth and Kinety-first Pro- 
positions of the First Book, containing the 1110st 
refined rrinciples of his l1lethod) are applied by hinl 
in the Xinetf'enth of the Third Book to the problenl 
of the Earth"::; figure; his determination of the 
ellipticity, supposing the Blass homogeneous, is 
obtained 1'ron1 that application" A century of 
study, of impro,-emellt, of discovery has passed 
away; and we find Laplacp, Blaster of all the new 
resources of the calculus, and occup}ing the heights 
to which the labours of Euler, Clairaut, Ð'Alelllbert, 
and Lagrange have enabled us to ascend, adopting 
the N ewtollian fraction of 2
O ' as the accurate solu- 


tion of this speculati,-e probleul. K ew adlneasurc- 
luents have been undertaken upon a ,-ast scale', 
patronized by the Inunificence of rival gorerrlln
llt
 ; 
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new experiluents ha,-e been performed with inlproyeJ 
apparatus of exqui
ite delicacy; ne,v observations 
have Leen accunnllatecl, with glasses far exceeùing 
.. 
any powers possessed by the resources of optics in 
thp days of hinl to whonl the science of optics, as 
well as dynanlÍcs, owes its origin; the theory and 
the fact ha,.e thus been COlll!Jared and recon. 
ciled together in 11101'e perfect harnlony; but that 
theory bas remaineù uninlproved, and the great 
principle of gravitation, with its most sublime results, 
unw stands in the at titude, and of the dimensions, 
and with the synlluetry, which both the law anù it':) 
application received at once fronl the nlighty hand 
(>f its in11110rtal author. 



II. 


I-IITHERTO we hare considered all motion as per.. 
fornled ill 'l'{{CllO, or in a nlediunl which offers no 
resistance to the action of forces upon bodies 
l1loyiug in any direction. It was necessary that the 
subject should first be discussed upon this suppo- 
sition; and the hypothesis agrees with the fact as 
tar as the nlotions of thE' hea,"enly bodies are con- 
cerned. But aU the l11otion of which we ha,.e any 
experiencp. upon or near the surface of the earth, 
is IJerfornled in the ahnosphere that surrounds 
our globe; and therefore, as regards all such 
111otion, é1 nlaterial allowance lllust be Blade for the 
resistance of the air when we apply to practice our 
deductions frol11 the theory. It is also obvious that 
a still greater effect will he produced upon nloving 
bodies, if their nlotion is perf o 1'111 eù in a denser 
fluid, as \VatEr. Further, the pres
ure anù 1110tiou 
of fluids thenlseh-es forn1 in1portant suLjects of 
con
ideration, inùependent of any nlotion of bodies 
through thelll anù inlpeded by thenl. The::;e several 
luatters fornl the subject of the sciences of IIydro- 
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statics, Hydraulics, and Pneunlatics; the first treat- 
ing of th
 weigllt and pressure of ,vatery fluids, 
the second of the"I' motion, the third of aeriforlll 
or elastic fluiLls. They are discussed in the Second 
book of the Principia. It consist.s of Nine Sections; 
of which the First Three discuss the 1110tion of bodies 
to which there is a resistance in different proportions 
to the velocity of the motion; the Fourth treats of 
circular or rather spiralll1otion in resisting nlerlia; 
the Sixth, of the motion and resistance of pendu- 
hlnls; aud part of the Se,.enth di
cnsses the rnotion 
of projectiles; 
 hile t he rest of the Se,.enth, and 
the whole of the four renlaining sections, treat of 
the pressure and motion of fluids thenlselves and 
propagated in l)ulses, or otherwise, through fluid
. 
'V (-> shall arrange the subjects under these }i-'i,.e 
heads, instead of tollo"ving the precise order of the 
,york itself. * 
Two observations arC' applicahle to this branch 
of the subject, and to the treatnlel1t of it in the 
Principia; and these obscrrations lead to our distin- 
guishing this portion of that great ,york from the rest" 
First. 
I uch 1110re had been accol111]lished of dis- 



:
 Fur the arrangement, see the SUmmal"Y of COI.tl'nts, \"01. i. 
p. xxxiv, v. 
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co,-ery respecting the dynan1ics of fluids before the 
tilue of Sir Isaac K ewton, in proportion to the ,,,hole 
body of the science, than in the other branches of 
I\Iechanics. rrhe N ewtoniall discoveries, therefore, 
effected a less consillerable change upon this de- 
partnlent of Physics than upon Physical Astronolny 
and the general laws of 1110tion. .As early as the 
tin](
 of Archinledes the fundamental principle of the 
gencral or undequâque })ressure of fluiJs had been 
ascertained; n13.ny of the easier IJroblen1s, anù even 
SOUle of the n10re complicated, had been investigated 
by it::; aid. 'Yhen ùynan1Ïcal science was IH:',dy 
constrncted by the illustrious Galileo J the l)l'ogress 
which he 111ade n1ay alnlost be said to ha'"e fonncd 
Hydrostatics and Hydraulics into a systell1; and 
Pascal's original and inyentive genius, soon after- 
wards app1ipd to it, enabled hinl clearly to per- 
ceive the hydrostatic paradox, and even leù hinl 
to a plain anticipation of the hydrostatic press" 
.
 
'l'orricelli about the saine period reduced the 
ahnosphere under the power of weight and nleasure, 
l1ulking it the subject of calculation by the beautiful 
esperin1ent which first ascertain<:d its grayity, which 



. He còlls a box of water " a new med1auical principle by 
which we may multil)ly force acllilitwn."' (Equil. of Fluiò..., 1653). 
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had long been suspecteù but not l)roved. Pascal 
first extended the Torricellian eXIJerilnent to all the 
perfection" indeed" which it has ever attained, by 
showing the connexion behveen the height of places 
on the earth's surface, and that of t.he merculoial 
cohnnn; thus denlonstrating satisfactorily the pres- 
sure of the atlllospherical colurnno Torricelli had 
also" frolll experinlents on the spouting of ,vater" 
inferred that the ,.elocity of the spouting COIUlTIl1, 
or jet, is as t.he square root of the height of the 
reservoir of fluiù whose pressure causes the flow. 
So that the fundamental principles being ascer- 
tained" considerable progress was al;;.:o maùe in 
1 heir systeulatic application, when Sir Isaac Newton 
callle to treat the subject as a branch of his general 
dYllan1Ïcal theory" and to investigate the laws of 
tluids by nlean
 of tho
e profound principles which 
hQ had establi::,hed with respect to all lllotion. Thus 
l110re was done before his tirne, and less conse- 
quently left for hilll to ùo here, than in the other 
branches of the general subject. 
Secondly. It is also true that the work which he 
produced upon this branch of science" did Hot attain 
the sallIe perfection under his hanùs" as the rest of the 
Principia. Although hetreated it upon mathelllatical 
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principles, he left considerably more to be ùone by 
his successors than he left to be added by those who 
should follow him in the field of Physical rlstr0110nlY. 
W 0; 
A great step ,vas almost inlnlediately nlade by J. 
Bernouilli, in ascertaining the 
ffects of the air's re 
sistance upon tbe nlotion of projectiles ; and an error 
so apparent was pointed out in one of the Propo- 
sitions in the Principia (Book II. Prop. 37*), that 
the correction coming to the author's knowledge, he 
struck it out of the second edition, then in the press. 
H is original solution of the }lroblem as to spouting 
colunll1s, ha,-ing differed from the rule which Torri- 
celli had deduced eX ! ìerinlentally, X ewton aaain 
a; 0 
in\-estigated the question by a ditì"erent and an 
adnlirable process; but e'"en now the subject re- 
luains in a very unsatisfactory state. Nor can it be 
baid that the science of hydrodynamics generally 
has attained the perfection of the other branches 
of 
Iechanical philosophy; while it is certain that 
the application to it of the calculus by Euler, and 
still nlore by Clairaut, has gre
tly added to the 
.. 
t heorenls left by Sir Isaac Newton; and the re- 
searches of Laplace upon capillary attraction, form 


* First Edition, published in 1637. 
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a departnlent. of science almost unknown before 
the latter part of the eighteenth century. 
The statement. of these P articulars was necessary 
.. '" 
in order to place the relati\
e merits of the different 
branches of the Principia in their true light. rrhat 
a grpat improvement was accornplishecl in natural 
knowledge by this portion of Sir Isaac Newton's 
disco\-eries, none can doubt. That the Second 
Book disl)lays at eyery step the l)rofound sagacity 
and matchless skill of its author, is undeniable. 
That it would haye conferred lasting renO'Yll upon 
anyone but himself, had it been the only work 
of another man, is eertain. N or can we forget that 
in rating its importance as we haye yentured to do, 
we only underralue this portion of the Principia, 
hy <l}1plying to it the seyerest of standards, coni- 
l)aring it with the discovery of the laws which 
govern the system of the uniyerse, anù placing it in 
contrast with the other parts of that Huri,-alled 
effort of hunlan genius. 


XOTE. 


rrhe argulTIent in Fage 436 et seq., yol. ii., is 
succinctly and popularly !::tated respecting th
 sup- 
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position of a hollow in tlu' centre of t he Earth, 
and several steps are on1itted One of these 
nlay be herp ll1pntioned in ('asp it should appear 
to han:' been overlooked. Suppose a Blass 'In 
detached froll1 the hollow sphere :\1, and ill1pelled 
at the sanle tiu1e with that sphere by an initial 
projectile fOl.ce, then its tendency would be to 
describe an elliptic orbit round the sun, the centre 
of force
. and if it were detached frolTI the earth 
it would describe an ellip:se, and be a slnall planet. 
But as the accelerating force acting upun it would 
be different frOlll that acting on the eal.th, the one 
L . S + :;\1 1 1 1 R + lit ( D 
elng a3 , ane t Ie 01 leI" as 
Dt 
 
being the distance and S the nlas,; of the 
Ull), it 
is manifest that, sooner or later, its motio'} being 
slower than that of the hollow sphere, if III be' 
placed III the inside, it nlust conle in contact with 
the interior circumference of the spdce, and either 
librate, or, if fluid, coincide wit h it, as asstlnlcd in 
the text. \Yhere parts of the spherical 
hell corne 
off by the centrifugal force, or cour:':e no such step 
in the reasoning is wanted; nor is it necp

ary to 
add that neither those parts nor any ot he)" within 
the hollow shell can haTe any rotatory lTIotioll. 
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Line 


15, 
18, 
], 
3, 
1-1, fur c, c. P:' read" C. F." 
13. for" velol.i ,. read " ve1ocior." 
1 0, from bottom,for "the" ,.ead "their." 
9, from bottom, for "are commensurable' 1 )'parl 
"should he commensurahle, whieh thuse of Jupi- 
ter and Saturn are, after "' &c. 
7, frum bottom, for "expression hy which" read 
" equation to." 
last line, Jor "' 835" read 9 6:'j. 
6, frnm hotfom,for "109:0UO" 'rend" 109,06U." 
d p' sin. 'lJ' 
last line, dele &c. in the denominator of - d - & . 
I, c. 
10, from bottum. af/e'/" "e\'ant-'scent" illsel.t "disturh- 
ing." 
letter S 8hould be put in the centr
 of the l'irc1e. 
6, fiJr "L N + .:\1 E" read "L N + Q. Q being 
1 
a quantity that valies as E '2'" 
:\1 '" ' 


after "nor " insert "is." 
for 
 no " l"ead "not." 
fur Ie sqnares" rend' c square." 
from bottom. for" J ullia " read" Simia." 


8,for c. less curved" l"ead " more curved." 
1,7, 9,{or "syzygies" read .c syzy
y." 


Lon \on l'nnh'd by W. CJ,OWES ami Sox-s, :o;tamlord-strt't't. 
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